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The time series of spectra is a “CAT Scan” of the Supernova

çèé>êHë-ì¹¸ÖíJEp÷"N÷A^TBó12SUTVñ|÷A^9Tsýo÷KTsW6TVñT0TVðBóF]"ñ|Tp^9T?N^9ô5Zþ[¦Z6ñ|ñ|TVõoólß-WX]
øDKô5ó9ô5ñ|øDﬁB^9T?øöVõDﬁBó|^9TU[ATeøKW6÷KñTBõøKW6÷Añ>]5÷ðD÷A^2[ATeWX]SŁ]$ó9ZﬂﬁB^9T?TBõ
T?3¦øK]5õKñ|Z6ô5õ(ï}Tpñ|øTVð)ó|^9T/ßoZ6SŁ]5Ts[¦T+ðBTBó|ó9TpøDKô$ó9ô/ñ|øDﬁB^9T^9TVõKñ|TBZF5õKTpñ|÷A^
W6TVñ2öVW6öVSUTVõoó9ñö0TVðBó9öVñeýo÷KZJñ|ô/õoó2TVõDNô/÷KZ6ñe[AT?øAW6÷Kñ>TVõÖøAWX÷Añ>øA^9ôNô/õK[AöBü
SUTVõoó
ãSº å¼»M»e»Jæs½e¾¿¾À&ÁÂ

ÂKÁ	À
}
½eÃÀN½¾-Ã0»

ÀN½J¾Ã
Ä ÅÇÆÉÈËÊÌÍÎ Ï
Ð Ñﬀ îﬁ Ñ_ÒÔÓÖÕØ×ÚÙ ÛÜÒuÝ_×ßÞàÔÝáàÔÞ¼ÕIÓâÓÖÑ_ã2ã¼Ñåä æ çéè Ñ êëêíì
çéè Ñ êïî ðÇñ
ò"Í:óÌÎÍàÌõô Íõö:÷"ÌVøù!ú¯øUÉyúêÉüûþý:ßúíÍ:óßÜÍ÷Í:ß LÍ:û5Ê(ÍDßúÖÌêÌÎÍ:ß
	

	

ﬁﬀﬃﬂ "!$#&%('*)+
8
#,ﬀ-%.ﬁ/0ﬁﬀ214356ﬂ879!:16ﬂ 1"!$#,ﬀﬀ-ﬁ'-1;'*)<ﬂ 6=-ﬁ1
Ë?>
@%A"B
>
ﬁ"ﬀ-#875CD%1
Ë?>
EEGF8HAﬂ 4ﬂ !:':'$ﬁBJI
!:'KﬂML!$ﬁﬀN7?!:1
à
ﬂ ':':BOPﬁﬀ-%.RQM'*)+ﬁ7?!$%ﬁﬀ-TS9B-P'$PU
Ç
VELNﬁ1WEXTﬂ75ﬂ !$ﬁﬀ21Pﬁﬀ
à
ﬂ !:1/0#,!:ﬀ-W%
>
#
>
"!$ﬁ1Wﬁﬀ
#,/M/VBﬀYﬂ7Z'$@U
Ç
[E\ﬂ.IZS9B)<ﬂ7Z]'$U
Ç
[EEGF5E'ﬃJ)<ﬂ 35!:1
à
#,"1
>
#,Lﬃﬂ L'$ﬁ/0ﬁﬀ21^%.B_B':16ﬂ 1%^'*)+
8
#,ﬀ-%.ﬁ/0ﬁﬀ21
%`) Bﬀ-_ﬁ1#,!:'$_/_ﬂ,"!:7Z0S9B!ﬂ B6ﬂ !:1
>
ﬁ%.BD6a#,B-=-bGc.1ﬁ"ﬀ-Tﬂ BD#,BT%`) Bﬀ-07?!$M/0#,B7Zﬁ/0ﬁﬀ21ed
à
#,"1
7Zﬁﬀ21]"1ﬁ':'fﬂ !:#,/M/0a!:'ﬁﬀNGc?!$1
>
#,B['$ﬁ1#,!:'$[%Pgh#,'
àji"
ﬂ
Ë
ﬁ1kGF
l
lMm
nﬃm
E6E
lMm
nom
EXL
nom
EX
pAqsr4tZu2v:wx?yz<	{s|~}6|*<
G^JJ}*
G\ +|*\J}ﬃ|zJ  o	\{{~	5}~
 
GŁ6}"J+||*
 	\<{\
& Ł[ﬃo;"o&TT4 Ko¡¢4
£ﬂ_/_ﬂ,Rﬁ"!:1"!$S9B-T%`) Bﬀ-bﬁ1#,!:'$R"1W%G¤-ﬀ!$b#,/M/0T'fﬂ0':!:/M!:1R!:ﬀ.¥~ﬁ"!$ﬁBMﬂ B
i
%"B-W%V'fﬂ,S9B-ﬁ':'$R1#,B1
ﬁ1#,!:'$5I[Q¦Bﬀ-§ﬁ16ﬂ
>
¨16ﬂ %.!:7Ze%§#,ﬀ ﬁ7Z#,':B1"!$#,ﬀI^%ﬁ79!$ﬁﬀ-%.6ﬂ©Bﬀ-§"B
>
ﬁ"ﬀ-#875ﬂ.Fªﬁ1"1¨/_ﬂ,§ﬁ"!:1"!$S9B-e"1
ﬁ32ﬂ '$ﬁ/0ﬁﬀ21'fﬂV/_ﬂ,6/_ﬂ	c.!:/_ﬂ '$&!:ﬀ!:1"!fﬂ '$&%`) Bﬀ-Pﬁ1#,!:'$&S2B!«1ﬁ"/M!:ﬀ-P6ﬂV79!$W#,B-@'fﬂa¥s#,"/0&%Wﬀﬃﬂ !:ﬀ-&L'fﬂ ﬀ-=-5F
£ﬂ
>
ﬁﬀ-R%Vﬀﬃﬂ !:ﬀ-]L'fﬂ ﬀ-=-P%-ﬂ ﬀ-W'$&ﬂ /_ﬂ,32ﬂ 'fﬂ,ﬁ1"!$S9B-8I%.BN¥*ﬂ !:1]%T'$ﬁB
>
ﬁ1"!:1T/_ﬂ,5Iﬃﬀ-
>
ﬁB1
Y#,/
>
ﬁﬀ-%.¨S2B)+ﬁﬀ¬"B
>>
#5ﬂ ﬀ210Bﬀ-
>
ﬁ"1­%Y/_ﬂ,6Y!:/
>
#,"16ﬂ ﬀ21Oﬂ B¬#,B_%Y'*)+ﬁ7Z#,':B1"!$#,ﬀF®ﬀ-N%
/0ﬁ1"=-#?%
>
#,B[%ﬁ1ﬁ"/M!:ﬀ-ﬁ]ﬁ1"1&/_ﬂ,&ﬁ"!:1"!$S2B-V"1^%`)+ﬁ1"B-%.!$ﬁ['fﬂ
>
#
>
B'fﬂ 1"!$#,ﬀ­%[ﬀﬃﬂ !:ﬀ-^L'fﬂ ﬀ-=-[%-ﬂ ﬀ-
'$aﬂ /_ﬂ,a#,B7Zﬁ"18F£ª#,ﬀﬀﬃﬂ !$66ﬂ ﬀ21a'fﬂ
>
#
>
B'fﬂ 1"!$#,ﬀD"1ﬁ':'fﬂ !:M%b'*)<ﬂ /_ﬂ,8Iﬂ !:ﬀ-!(S2B-b#,ﬀh¯ 3Z­ds#,L1ﬁﬀ2B©Q
>
ﬂ "1"!:
%.B°#,B-%Y"BR'fﬂO6S2B-ﬁﬀ-
>
"!:ﬀ-ﬁ!
>
ﬂ '$5I4S9B!^%#,ﬀﬀ-±'fﬂO/_ﬂ,6±/_ﬂ	c.!:/_ﬂ '$Y%Mﬁ1#,!:'$8IAﬁ1M%#,ﬀ-²'$ﬁB_¯ 3ZJkGI
#,ﬀ
>
ﬁB1R/0#?%ﬁ':!$ﬁ0#,ﬀ°ﬁ7Z#,':B1"!$#,ﬀF(³(ﬀ´#,/
>
ﬂ 6ﬂ ﬀ21²ﬂ87ZŁ'$Łﬀ-#,/VL­%Łﬀﬃﬂ !:ﬀ-0L'fﬂ ﬀ-=-0#,L-ﬁ"7ZJI4#,ﬀ
µﬃ¶ ·w¾Ã&ÃJ¸;¹^¾9º »J»?¼.½¾oºBÂ2¼½ ÀÂSÀN½e»»;»J¾9¿s¿e¾ÃYÀÁÂ ¾NÃ	Ã ÄÅÁÂ ¾­ÃﬁÆÅÇÁ
ﬁﬀ©%%.B!:1RS9B-ﬁ':'$R#,ﬀ21T'$Tﬁ1#,!:'$RS2B!Å'$ﬁBR#,ﬀ91T%#,ﬀﬀ-±ﬀﬃﬂ !$6ﬂ ﬀ-5I£ﬁ1R%#,ﬀ-0'$ﬁBR/_ﬂ,5F`ghﬁ!$%ﬁ/_ﬂ ﬀﬀ´È
É]#91ﬁTd\Ê8Ë5Ì5ÍZk^#,ﬀ91[1"#,B7ZPBﬀ-P75ﬂ '$ﬁB[%VÎZÏ?Ð
Ñ?ÒMÓeÔ
>
#,B[ﬁ1"1P/_ﬂ,6aﬁ"!:1"!$S2B-5F
P ÕhÖ[¡[¢Vo¡[×ØT4ÙKo¡[¢4Ú[ﬃo"Ö[4
(ﬁ1#,!:'$Å/_ﬂ,"!:7Z]dsﬁﬀ91"VÊ8Û&ﬁ1Ê8Û5Û
Ó§Ô
kK#,ﬀ21%4':B/M!:ﬀ-#5"!:1@ÜÞÝ5ßﬁà£áNÝZßﬁâP
Ô
ﬁ1(%(1ﬁ/
>
ﬁ6ﬂ 1"B
Gã`ﬁ1"!:7Z^ÜÞÝ5ßﬁàÅáhÝZßGäTÉMI?ﬂ !:ﬀ-!S9B) Bﬀ±35#5å&B^#,ﬀ27Zﬁ1"!æ¥^d~Í5ÛTQTÌ5ÛRçè%'$ﬁB/_ﬂ,JkGF?HAﬂ 6ﬂ
>>
#,"1^ﬂ B.c
ﬁ1#,!:'$/0#,!:ﬀ-[/_ﬂ,!:7Z[ﬁ':'$[#,ﬀ918ﬂ 6ﬂ,ﬁ1ﬁ"!$
>
ﬂ [%^7Zﬁﬀ21W"1ﬁ':'fﬂ !:^!:ﬀ91ﬁﬀ-8F
H4':B-&'*)+ﬁ1#,!:'$M"1W':B/M!:ﬀ-ﬁB-5I
>
':B-&'fﬂ
>
ﬁ"1b%R/_ﬂ,
>
ﬂ &7Zﬁﬀ21a1ﬁ':'fﬂ !:M"1]!:ﬀ91ﬁﬀ-­ds8ﬂ P'fﬂ
>
"!$#,ﬀ
%V6ﬂ,%.!fﬂ 1"!$#,ﬀ¨ﬂ B35/0ﬁﬀ91JkGIoﬁ1V%`)<ﬂ B16ﬂ ﬀ21
>
':B-S9B-a6ﬂb/0ﬁ16ﬂ ':':!$ﬁ!:1T"1ﬁ'$ﬁ7Z5Fﬃé]!:ﬀ-"!'$]ﬁ1#,!:'$a%a1Xê
>
TëRI
'$
>
':B-W=ﬃﬂ B-%Wﬁ1'$
>
':B-[':B/M!:ﬀ-ﬁB-&S9B-P'*)+#,ﬀ¨#,ﬀﬀﬃﬂ !$6
>
ﬁﬀ91ﬁﬀ21P%
>
ﬁ"1W%a/_ﬂ,V%a'*)+#,%.
%TÜ ÝZß
Ñ
ä
Ó§ÔAì
ﬂ ﬀF
ª
>
ﬁ"1V%b/_ﬂ,Mﬂ	ã«ﬁ1ﬁﬀ91V'$R1"6ﬂ	í"ﬁ1a%b'*)+ﬁ1#,!:'$0%-ﬂ ﬀ-P'$M%.!fﬂ 356ﬂ /M/00î
iï
dz¤-35B_Í.F:ÊJkGF³(ﬀhGã«ﬁ1
ﬁ':'$
i
ﬁ!A¤-ﬀ!$ﬁﬀ21
>
ﬂ P%ﬁ7Z#,!:'$ﬁ&'$&#,B-=-P!:ﬀ91ﬁ"ﬀ-a=ﬃﬂ B-%8I«bS9B!KGc
>
':!$S2B-
>
#,BS2B-#,!4R%.!fﬂ 356ﬂ /M/0
1
>
ﬁB
>
'$aQM32ﬂ B-=-a%.BNð,1V%["B
>
ﬁ"3Z8ﬂ ﬀ21[L'$ﬁB-JI/_ﬂ !$
>
ﬂ,Qb%.#,!:1±ds"B
>
ﬁ"3Z8ﬂ ﬀ91#,B3ZGkGF
U?ﬁ'$#,ﬀD'fﬂ­/_ﬂ,M'*)+ﬁ7Z#,':B1"!$#,ﬀ°ﬁ6ﬂY%.!æã`ﬁﬁﬀ215FAé]!:ﬀ-"!Å%-ﬂ ﬀ-T'*)<ñ
»ò8ó2º	¼.ô-¿s¿jó´õ.ö8÷.¶ùø
Ô
M¥s#,"/0_Bﬀ¦å&B
%`) =-ﬁ':!:B/ú%û.F<ûaQaû.F<ü
Ó
Ô
FZ£ﬂa#,/VLB-"1"!$#,ﬀ²%^'*) =-ﬁ':!:B/"1"B!:79!$
>
ﬂ Å'fﬂP#,/VLB-"1"!$#,ﬀŁ%.B_8ﬂ "L«#,ﬀ-Vd*ý
Ò
ª´þ
ý
Ò
ª©ß
Ò 
^þ
à
îWJkGI S9B!%.B@S2B-ﬁ'$S9B-4ﬁﬀ216ﬂ !:ﬀ-(%`)<ﬂ ﬀﬀ-JI5ﬁ1AS9B!.ﬀ)+"1
>
ﬂ,4Gc
>
'$#5!:7Z5I 8ﬂ A'$@å&B(%-ﬂ ﬀ-
'$S9B-ﬁ'-ﬁ':'$4
>
#9%.B!$6ﬁﬀ214ﬀ)+"1
>
ﬂ,4%ﬁ3Zﬁﬀ-ﬁVdj7Z#,!:K¤-35B[û.F<ûZkGF5ﬀ-#,ﬀ
Ò 

@"1A/0#,!:ﬀ-A':!$@S9B-'*)+#8c?ê?3ﬁﬀ-
ýsâ
ë "!(L!$ﬁﬀ¦S9B-5I`'fﬂŁ1ﬁ/
>
ﬁ6ﬂ 1"BŁﬂ B35/0ﬁﬀ216ﬂ ﬀ218IA5)+"1T6ﬂ
>
=-#,1#
i
%.!$#?ﬁ!fﬂ 1"!$#,ﬀ¦S9B!
>
%#,/M!:ﬀ-§d
Ò 
²þ	
ß ýsâZëúþÞà,îWJkGFo®]ﬀ¨ﬀ-#8ê2ﬂ Be%ﬁ3Zﬁﬀ-ﬁM%`)+#c.ê93ﬁﬀ-
i
ﬀ-#,ﬀe"1
>
#?%.B!:18F;ﬂ_#,ﬀ91"6ﬂ,ﬁ1"!$#,ﬀD
>
#,B"B!:1íB-6S2B)<Q
Bﬀ-R%ﬁﬀ-"!:1T%
ZÝZß,ý
Ð
35/
Ñ
Ð
F-;ﬂ_#,/TLB-"1"!$#,ﬀ¨%V'*)+#c.ê93ﬁﬀ-Łd*ýjâ2ë þýjâ2ë ß
Ò
U9!4þ à,îWJk^%ﬁ/_ﬂ "
6ﬂ
>
!$%ﬁ/0ﬁﬀ91Å%-ﬂ ﬀ-KBﬀRå&B4ﬁﬀM#,ﬀ21"6ﬂ,ﬁ1"!$#,ﬀF5Å)+Gã«#,ﬀ-%.ﬁ/0ﬁﬀ91Å
>
#,B"B!:1Aﬁ1A'$å&BA!:ﬀ-"16ﬂ L'$&d~ﬂ Bb7Z#,!$"!:ﬀﬃﬂ 3Z
%]'fﬂP':!:/M!:1&%&ª=ﬃﬂ ﬀ-%.6ﬂ,

=ﬃﬂ kﬂ 1"1ﬁ!:ﬀ91'fﬂV%ﬁﬀ-"!:1]ﬀ2B-ﬁ'$8ﬂ !:&6ﬂ ﬀ-ﬁ1"
>
ﬂ,6
>
ﬂ '*)+ﬁ16ﬂ
>
W%#,/TLB-"1"!$#,ﬀ
%.BO"!:':!$ﬁ!:B/ﬁ1^'fﬂR¥~#,"/_ﬂ 1"!$#,ﬀN%[ﬁ'$ﬁ/0ﬁﬀ91]%.B
>
!$P%.B­¥sﬁ8F
H;#,Bb'$Rﬁ1#,!:'$b%
÷.¶Ú÷o÷´ø
Ô
IAﬂ7Z²Bﬀ¦å&BM%`) =-ﬁ':!:B/ %Łû.F<üOQOû.F<Ì
ÓeÔ
I£Bﬀ å&BR%_¥~ﬁRﬁﬀ
S9B!:':!:LW=2ê.%.#5"16ﬂ 1"!$S9B-
>
ﬁB1@¥s#,"/0ﬁ8I.ﬂ7Z&%!:ﬀ-"16ﬂ L!:':!:1^#,/
>
':!$S9B-[ﬂ,#?ﬁ!$@QV'fﬂT#,/VLB-"1"!$#,ﬀNQ
'fﬂ
>
ﬁ"!
>
=-ﬁ"!$a%.BOå&B%W¥sﬁ8F
H;#,BÅ'$(ﬁ1#,!:'$(%
ôﬀﬁ8óﬂJ¸;¹ﬃ2º
ñ
ó9¸;º	ó ¨÷o÷0ø
Ô
I,'$
>
=-ﬁﬀ-#,/ﬂﬁﬀ-
>
"!:ﬀ-ﬁ!
>
ﬂ 'ﬃ14'fﬂ&#,/VLB-"1"!$#,ﬀ±'$ﬁﬀ21
%.B¨"!:':!$ﬁ!:B/ d
Ò
U9!4þ°ß
Ò
à
Ó
3Łþ
à
îWJkGI-"B!:7?!$V%a'fﬂ08ﬂ
>
1"BR%
>
ﬂ "1"!$ﬁB'$Pﬂ '
>
=ﬃﬂ&í\B-S9B)<ﬂ B
>
!$V%.BN¥sﬁ
%-ﬂ ﬀ-'$]å&B%]'*)+ﬁ1#,!:'$5F"!Pﬂ ﬀ-'fﬂVB!:1%8ﬂ,ﬁ1"!$#,ﬀ-S9B!o#,ﬀ-%.B!$6ﬁﬀ21[ﬂ B
>
!$]%.B_¥~ﬁ8IZ'fﬂa79!:16%à"äZU?&þ
>
ß#Dþ
àâ%$
!«#,/M/_ﬂ ﬀ-%W'fﬂa7?!:1]%[¥~#,"/_ﬂ 1"!$#,ﬀY%.B0¥~ﬁ8F9£ﬂT%.B&%7?!$%@ﬁ1#,!:'$@"1%`)<ﬂ B16ﬂ ﬀ21
>
':B-
#,B"1bS9B-V'$ﬁBW/_ﬂ,R"1]!:/
>
#,"16ﬂ ﬀ915F`£ﬂ_#,/TLB-"1"!$#,ﬀh%T'*) =2ê.%.#,3ﬁﬀ-R1]'fﬂ_8ﬂ,ﬁ1"!$#,ﬀ§'fﬂ
>
':B-W'$#,ﬀ35B-5I
5)+1ﬁ':'$aS9B!«¤c.P'fﬂb%.BV%P79!$P%a'*)+ﬁ1#,!:'$5Fﬃé]!:ﬀ-"!
>
#,B^Bﬀ-Vﬁ1#,!:'$V%aû5ü
Ó
Ô
'fﬂ
>
=ﬃﬂ,P%a#,/TLB-"1"!$#,ﬀ
%]'*) =2ê.%.#,3ﬁﬀ-Mdsﬁê?ﬁ'$&ª

ëPkÅ%.B'&(ﬁÝZß
â
ﬂ ﬀ-*)Z'fﬂV#,/VLB-"1"!$#,ﬀ­%'*) =-ﬁ':!:B/­Iﬀ(ﬁÝZß
ä
ﬂ ﬀ-8I2ﬁ':'$W%.B±8ﬂ "L«#,ﬀ-5I
û5Û5Û_ﬂ ﬀ-8Iﬁ':'$a%.B­ﬀ-#,ﬀIÊaﬂ ﬀIﬃﬁ':'$a%P'*)+#c.ê?3ﬁﬀ-5IﬃüR/0#,!$8I-ﬁ1[ﬁ':'$a%.BO"!:':!$ﬁ!:B/­IÊí"#,B*+
£ﬂb6ﬂ
>
!$%.!:1T%
>
=ﬃﬂ,ﬂ87,ﬂ ﬀ-W%P'*)+ﬁ7Z#,':B1"!$#,ﬀOﬀ-P'fﬂ !$
>
ﬂ,WQb'*)+ﬁﬀ27Zﬁ'$#
>>
a'$a1ﬁ/
>
%P8ﬂ 35!:&ﬂ B.c
6=ﬃﬂ ﬀ3Zﬁ/0ﬁﬀ21±%±"1""B-ﬁ1"B²!:ﬀ91ﬁ"ﬀ-5F4()+ﬁ1#,!:'$Y#,ﬀ-ﬁ"7Z²6ﬂ
>
'fﬂ,Ł%-ﬂ ﬀ-R'$²%.!fﬂ 356ﬂ /M/0Yî
iï
I;S9B!1VBﬀ-
7?!$"!$#,ﬀN%V'*)+Gc?1ﬁ"!$ﬁBW%Vﬁ':'$
i
ﬁ!*Io
>
ﬁﬀ-%-ﬂ ﬀ91WS9B) Bﬀ-V"1""B-ﬁ1"BTﬁﬀ-,
>
ﬁ':Ba%`)+#,!:35ﬀ-#,ﬀ/.ŁP/0ﬁ1Wﬁﬀ
>
'fﬂ,5I
#%0O=ﬃﬂ,S9B-a#,B-=-T"1[#,/
>
#56a%`)+ﬁ'$ﬁ/0ﬁﬀ21W%
>
':B-ﬁﬀ
>
':B-'$#,B%[ﬁﬀOﬂ ':'fﬂ ﬀ21]7Zﬁ^'$På&B8F
P21 4365'7b¢¡[o¡[×98b¢ ¡P:4¢ú[×TR^«
#,S9B-0'$±å&BT%M¥~ﬁRﬂ 1"1ﬁ!:ﬀ91T'fﬂ­/_ﬂ,0%Łª=ﬃﬂ ﬀ-%.6ﬂ,

=ﬃﬂ 8I;'fﬂ
>
"!$#,ﬀ©%Vﬁ'$ﬁ1"#,ﬀ-b%ﬁ3Zﬁﬀ-ﬁ
ﬀ)+1
>
':B-R"B<;_6ﬂ ﬀ91
>
#,BT#,ﬀ91"ﬁLﬃﬂ 'fﬂ ﬀ-ﬁM'fﬂ­356ﬂ879!:16ﬂ 1"!$#,ﬀIAﬁ1T'$±å&B8)+Gã`#,ﬀ-%.5F4ª#,ﬀ-ﬁB1"!:7Zﬁ/0ﬁﬀ21_Q
'*)<ﬂ B35/0ﬁﬀ916ﬂ 1"!$#,ﬀh%V'fﬂ_%ﬁﬀ-"!:1VS9B!;J)+ﬁﬀ-"B!:18Iﬃ'$]ﬁ'$ﬁ1"#,ﬀ-8I«S2B!;#,ﬀ21""!:LBﬃﬂ !$ﬁﬀ21[íB-S9B-P'fQ0/_ﬂ	í\#,"!:16ﬂ !:ﬁ/0ﬁﬀ91
µ>=@?h·A:óB¹A¿DCE
ñ
Co»ÞÀ4¿jó

CGF6H9¿jóIò8ô-»JF;ôºF µ«÷
pAqjr4tuZv uhxLKﬃﬁ
<	|*<
G±	] T	\	{~+|*NM:POQSRUTSVﬂW 
GXQ|*<
GŁJ]a|*SR^5}6|*J}*MYZVÅ	ﬂQ\\|~}*W\[  	
X|*
G<<^]<\{	`_Z}*\|*{4|~}aj|*{ﬁ
G<	|*`W {|6|X|* 	|~|*\{Å\bR[{~{~{{~
 6+}*\{\dc;<	{~5
GJ}Å  ^X|*
G<<WJ
egfih'jk
[ \ﬁ
<	|*<
G Rgl\	<gQSm4J}		{4[J
^R[6	^	G\	}*iM
f
J}*
+|*[	^W<<G ^b5
G<|*<<\{2VX
n; AX|*
G<<(	o
j
kIp	}rq	<A{~
GQ"6}rp5
 4J(R[	slX}*AutJ <
G{~<ﬁv]	Q
^Rp	 {s|*<
G{~4	}*
8J <{*|\R^<<\
J\G }*gM:ﬁ
+}; 6}6}	 w8
h

e
VXx«+}*(	ZyzQX 6|r{SR[6}|4~}GJ}*<M
e^v
VX
QM'fﬂ
>
"!$#,ﬀIﬃ6#,ﬀ21&8ﬂ
>
1"B
>
ﬂ ]'$[ﬀ-#8ê2ﬂ B.c`FHKﬂ Pﬂ !:':'$ﬁBBﬀ-
>
ﬂ "1"!$T%a'*)+ﬁﬀ-ﬁ"35!$T%ﬁ32ﬂ 3Z
>
ﬂ 'fﬂ_#,/
i
>
"!$#,ﬀ§"1]B1"!:':!$T%-ﬂ ﬀ-W'fﬂ
>
=-#,1#
i
%.!$#?ﬁ!fﬂ 1"!$#,ﬀe%.BN¥~ﬁ"I^ä"â-aß Ý4^ﬀeﬁ1ﬀ-Rﬁ"1&%#,ﬀ-
>
ﬂ,&Q
ﬂ B35/0ﬁﬀ21ﬁ'fﬂ
>
6"!$#,ﬀF.() !:ﬀ-%.!$aﬂ,%.!fﬂ Lﬃﬂ 1"!$S2B-P%W'fﬂT/_ﬂ 1"!@ﬁP%ﬁﬀ-%Yﬁﬀ
i
%6#,B-^%
ì
Í.I?'*)+Gã`#,ﬀ-%.ﬁ/0ﬁﬀ21
8)+ﬁ/TLﬃﬂ ':'$5Fë]ﬀ
>
ﬁB1[%.!$"1"!:ﬀ35B-ﬁ%ﬁB.c
>
=ﬃﬂ,[%-ﬂ ﬀ-['*)+Gã«#,ﬀ-%.ﬁ/0ﬁﬀ91N
Ê5F[%`)<ﬂ L«#,%`I'$[8ﬂ
>
1"Bﬁ'$ﬁ1"#,ﬀ!$S2B-]"B^'$
>
#,1#,ﬀ-Vdj8ﬂ,ﬁ1"!$#,ﬀ-ZŁ´!:ﬀ97Zﬁk@
Ñ

>
ß ﬀza#,ﬀ91
7?!$#,'$ﬁ/M/0ﬁﬀ21_=-#,0%`)+S2B!:':!:L5IÅ8ﬂ R'*)+6=-ﬁ':'$­%Ł1ﬁ/
>
0%Łﬁ1"1Ł8ﬂ,ﬁ1"!$#,ﬀÚdj!:ﬀ91ﬁ6ﬂ,ﬁ1"!$#,ﬀ´¥*ﬂ !:L'$JkR"1
L!$ﬁﬀ
>
':B-M356ﬂ ﬀ-%­S9B-²ﬁ':B!]%Ł'*)+Gã«#,ﬀ-%.ﬁ/0ﬁﬀ918IÅﬁﬀ´#,ﬀ-S9B-ﬁﬀ-­%YS9B-#,!^'*)+ﬁﬀ21"#
>
!$
>
ﬂ MLﬃﬂ "êZ#,ﬀ
ﬂ B35/0ﬁﬀ91)
û.F^'$#,6S2B-'fﬂ]%ﬁﬀ-"!:1PdsS2B!.75ﬂ B1;!:ﬀ!:1"!fﬂ '$ﬁ/0ﬁﬀ91ÜÞÝ5ßZý
Ð}
3s/
Ñ
Ð
k;ﬂ 1"1ﬁ!:ﬀ21ÅÜ6*ÝZß5ýjà

3>s/
Ñ
Ð
IJ'$Aﬀ-ﬁB1""!:ﬀ-#5
ﬁ/M!$"1ﬁﬀ91
>
!$ﬁ3Z%-ﬂ ﬀ-'fﬂV/_ﬂ 1"!@ﬁbd-%./_ﬂ ﬀ§Ê8ËX9kGF-ë]ﬀŁﬂ ""!:7Z&Qa'*)+S2B!:':!:LŁ]F9Å)+Gã«#,ﬀ-%.ﬁ/0ﬁﬀ91
6
>
#,B"B!:1Wﬂ '$#,[%P/_ﬂ ﬀ!@ﬁaS9Bﬃﬂ,"!
i
ﬂ,%.!fﬂ Lﬃﬂ 1"!$S9B-5Iﬃﬁ1['*)+ﬁﬀ91"#
>
!$
>
ﬂ [Lﬃﬂ "êZ#,ﬀ­1P#,ﬀ-"16ﬂ ﬀ215F
()+Gã`#,ﬀ-%.ﬁ/0ﬁﬀ21Wﬀ-a8)<ﬂ "ﬁ1TS2B-&'$#,S9B-P'fﬂM%ﬁﬀ-!:1Pﬀ2B-ﬁ'$8ﬂ !:T"1]ﬂ 1"1ﬁ!:ﬀ21²d
@ZÝZß ý

3U5/
Ñ
Ð
kGIﬁﬀ979!:#,ﬀ
û5Û5ÛN/0bﬂ
>
R'$²%ﬁLB1R%±'*)+Gã`#,ﬀ-%.ﬁ/0ﬁﬀ218F(£ﬂN/_ﬂ 1"!@ﬁŁ"1Mﬂ '$#,R#,/
>
#5²%_ﬀ-#Jê2ﬂ B.c,NGc.#,1"!$S9B- .
1"&"!$=-Vﬁﬀ¨ﬀ-ﬁB1"#,ﬀ-JF£ªW)+"1P'*) !:ﬀ21ﬁ6ﬂ,ﬁ1"!$#,ﬀe¥~#,"1bﬁﬀ21"M'$&ﬀ-#Jê2ﬂ B.c§S9B!48)+#
>>
#5MQ_'*)+Gã`#,ﬀ-%.ﬁ/0ﬁﬀ218FKª
L"B-S9B-[%.Bﬁ!$ﬁ/0ﬁﬀ91%^'fﬂ
>
"!$#,ﬀ0ﬁ[Bﬀ-#,ﬀ-%[%[=-#?QW'*) !:ﬀ91ﬁ"!$ﬁB%.B_å&B%@¥sﬁS2B!-
>
#
>
ﬂ 3Z
7ZﬁW'*)+Gc?1ﬁ"!$ﬁB8FU9!K'*)+#,ﬀ-%T%R=-#?b"1]B<;_6ﬂ /M/0ﬁﬀ21
>
B!$ﬂ ﬀ215Iﬁ':'$
>
#J7Z#9S9B-T'*)+Gc
>
B'$"!$#,ﬀe%W#,B-=-
Gc.1ﬁ"ﬀ-%&'*)+ﬁ1#,!:'$5FªW)+1^'$
>
=-ﬁﬀ-#,/ﬂﬁﬀ-V%P"B
>
ﬁ"ﬀ-#875ﬂ.F
µoµ ·Åó\ﬂJ¸;¹(ó9º »JC?¼.½¾oº	ô2¼
ñ
ò8ô.ò
ñ
C»;»;ó9¿s¿jó\YÀÁÂYóNÃ	Ã ÄÅÁÂYó­ÃﬁÆÅÇL
W=-#?
>
ﬁ%±ﬁﬀ-#,"/0ﬁ/0ﬁﬀ91%`)+ﬁﬀ-ﬁ"35!$PQVﬂaﬁﬀ-#,ﬀ91"&ﬂ87ZW'$#,B-6=-^Gc?1ﬁ"ﬀ-JI9S9B!6#,ﬀ21
>
S9B-]ﬁﬀ
6=2B1P':!:L5Fﬃ³4ﬀ27?!:#,ﬀNÛ.F:ÊP[ﬂ
>
@'$P%ﬁLB1[%.BYﬁL#,ﬀ-%`I.'$&6=-#9aﬂ
>
ﬁ%.BNQ
>
ﬁB
>
@1#,B1P#,ﬀYﬁﬀ-ﬁ"35!$5I-ﬁ1
ﬀ-W
>
#
>
ﬂ 3Z
>
':B-7Zﬁ'*)+Gc?1ﬁ"!$ﬁB'Z!:'[1"6ﬂ ﬀ-\¥~#,"/0Wﬁﬀ²6=-#9]%`)<ﬂ,ﬁﬁ1"!$#,ﬀFﬃªﬁ!-¥sB1
>
ﬁﬀ-%-ﬂ ﬀ21@'$#,ﬀ351ﬁ/
>

Bﬀ
>
#,L'@ﬁ/05I.8ﬂ @%-ﬂ ﬀ-'$@"!:/TB'fﬂ 1"!$#,ﬀ-@ﬀ2B/0ﬁ"!$S9B-@'$]6=-#9W8)+ﬁ75ﬂ ﬀ-#,B!$6ﬂ !:1[ﬂ75ﬂ ﬀ21^%`)+Gc
>
B'$ﬁ'$#,B-6=-
Gc.1ﬁ"ﬀ-(ﬁ1(%#,ﬀ-^%`)<ﬂ L«#,B1"!:ﬂ B
>
=-ﬁﬀ-#,/ﬂﬁﬀ-[%^"B
>
ﬁ"ﬀ-#875ﬂ.F5
>
#,L'@ﬁ/0@¥sB1A#,':B0ﬁﬀM!:ﬀ-ﬁ':Bﬃﬂ ﬀ21Å'*)+ﬁ/M!$"!$#,ﬀ
%`) Bﬀ-aL#,B.ã`a%&ﬀ-ﬁB1""!:ﬀ-#58Iﬂ !:ﬀ-"!S2B-V%
>
#96"B-^#,ﬀ27Zﬁ1"!æ¥ﬂ BN6ﬁ!:ﬀ­%P'*)+ﬁﬀ27Zﬁ'$#
>>
5F
³4ﬀhGã`ﬁ1a'fﬂ
>
#,1#
i
ﬁ1#,!:'$±Q²ﬀ-ﬁB1"#,ﬀ-Tﬁﬀ¦ﬂ ""!@ﬁ0%.Bh=-#?0"1PBﬀ¦#,L.í\ﬁ1P1"a6=ﬃﬂ B-%`I'fﬂ±¤-ﬀD%b'*)+Gã`#,ﬀ
i
%.ﬁ/0ﬁﬀ91Vﬂê2ﬂ ﬀ91&ﬁ1bﬂ,%.!fﬂ Lﬃﬂ 1"!$S9B-5F;ﬂ01ﬁ/
>
ﬁ6ﬂ 1"Bbﬁﬀ21"6ﬂ '$Mﬂ 1"1ﬁ!:ﬀ21aÜ Ý5ßZý"ýVÉ d~Ü Ý5ß
Ó
rakGF`ªTå&B&
G¥s#,!$%.!:1
>
ﬂ ^Bﬀ-&!:ﬀ91ﬁﬀ-aﬁ/M!$"!$#,ﬀ­%&ﬀ-ﬁB1""!:ﬀ-#5JI-S2B!`%
>
#5ﬁﬀ21]%&'*)+ﬁﬀ-ﬁ"35!$a%-ﬂ ﬀ-^'$^#,B-=-]%ﬁﬀ-[ﬁﬀ
ﬂ ""!@ﬁŁ%.B©=-#?5I¥*ﬂ,ﬁ!:':!:16ﬂ ﬀ210ﬂ !:ﬀ-"!'fﬂ
>
#,35!$#,ﬀ©%±ﬁ':B!
i
ﬁ!&d@ﬁ1"=-ŁÈ g !:'$#,ﬀ¬Ê8Ë5Ì5üZkGFK±1"6ﬂ ﬀ-
>
#,"1R%
'*)+ﬁﬀ-ﬁ"35!$T"1^¥*ﬂ,ﬁ!:':!:1
>
ﬂ %
>
#?"B-#,ﬀ27Zﬁ1"!æ¥~8Iﬃ8ﬂ B-
>
ﬂ [Bﬀ­356ﬂ,%.!$ﬁﬀ21&%`)+ﬁﬀ21"#
>
!$Vﬀ-ﬁ32ﬂ 1"!æ¥\Iﬃ%-ﬂ ﬀ-['$
ﬁ35!$#,ﬀ-@ﬁﬀ91"]'fﬂ
>
#,1#
i
ﬁ1#,!:'$PQPﬀ-ﬁB1"#,ﬀ-@ﬁ1'*)+#,ﬀ-%W%6=-#95F?£ﬂT#,ﬀ27Zﬁ1"!$#,ﬀ­ﬂ !$%]'*)+Gc
>
'$#5"!$#,ﬀŁ8ﬂ @ﬁ':'$]ﬂ B3
i
/0ﬁﬀ91^'*)+^;_8ﬂ,ﬁ!:1ﬂ87Z^'fﬂ,S2B-ﬁ':'$@'*)+ﬁﬀ-ﬁ"35!$^%Aﬀ-ﬁB1""!:ﬀ-#5"14%
>
#56&dj'fﬂW/_ﬂ 1"!@ﬁS2B!./0#,ﬀ21G¥j#,!$%.!:1(ﬁ1
#,ﬀ97Zﬁ"1"!:1]'*)+ﬁﬀ-ﬁ"35!$T!$"B-V%[ﬀ-ﬁB1""!:ﬀ-#5WﬁﬀNﬁﬀ-ﬁ"35!$Vﬁ!:ﬀ-ﬁ1"!$S9B-5I
>
':B1ð,1WS2B-T%P
i
ﬁ/0ﬁ1"1"T%ﬀ-ﬁB1""!:ﬀ-#5kGI
ﬁ':'$%.B!:1Å'*)+ﬁﬀ-ﬁ"35!$ﬀ-6ﬂ !:
>
#,B},W'fﬂ ﬀ-ﬁg.R'*)+Gc
>
'$#5!$#,ﬀ¨dsﬁﬀ0%.B!$6ﬂ ﬀ91'fﬂ
>
"!$#,ﬀ±ﬂ B0ﬀ!:7Z8ﬂ B²%.B_=-#?
%`)<ﬂ,ﬁﬁ1"!$#,ﬀokGF
K!:ﬀﬃﬂ '$ﬁ/0ﬁﬀ218I(/0ﬁﬀ91"!$#,ﬀﬀ-#,ﬀ-ŁS2B-Y'$­"!$%.Bù%Y'fﬂeB
>
ﬁ"ﬀ-#J7,ﬂhﬀ)+"1
>
ﬂ,Mﬀ-ﬂ !:ﬁ/0ﬁﬀ21²Bﬀ-­ﬁ1#,!:'$OQ
ﬀ-ﬁB1"#,ﬀ-JI./_ﬂ !$
>
ﬁB1gﬁ1"WBﬀY1"#,BŁﬀ-#,!:8I.ﬀ-#,16ﬂ /M/0ﬁﬀ21!Bﬀ-
>
ﬂ "1"!$&%^#,B-6=-Gc.1ﬁ"ﬀ-@ﬀ)<ﬂ
>
ﬂ,[ﬂ 1"1ﬁ!:ﬀ91
'fﬂ_7?!:1V%T':!:L«ﬁ6ﬂ 1"!$#,ﬀIﬁ1&"1]ﬁ1#,/VL«b7Zﬁ'$Rﬁﬀ21"5I«%V¥~ﬂ%#,ﬀeQ_RS9B-a'fﬂ_/_ﬂ,a1#,16ﬂ '$b%
>
ﬂ,6V'fﬂ
/_ﬂ,6P':!:/M!:1a%[ﬁ1#,!:'$WQRﬀ-ﬁB1"#,ﬀ-Td~ﬂ B1#,BW%aû
Ó§Ô
kGF
Pr ù¡×ToTA«@o6¡[×TÙ4×TA>[Ko&R4
()+ﬁﬀ-ﬁ"35!$U^ ¡¢¡A':!:Lﬁ
>
ﬂ @Bﬀ-VU

E6E4"1@'fﬂT%.!æã`ﬁﬁﬀ-Pﬁﬀ21"&'*)+ﬁﬀ-ﬁ"35!$
>
#,1ﬁﬀ91"!$ﬁ':'$&356ﬂ7?!:16ﬂ 1"!$#,ﬀﬀ-ﬁ':'$
%.B¬å&B %²¥sﬁ0%Ł'fﬂ
>

i
"B
>
ﬁ"ﬀ-#875ﬂe%Ł/_ﬂ,6I£ ﬁ10%Ł6ﬂ8êZ#,ﬀ¥¤§¦6I(Ü á¨ª©«£
Ò
¨¤§¦±d© ﬁ16ﬂ ﬀ910'fﬂ
#,ﬀ-16ﬂ ﬀ21R%

­¬^1#,ﬀok[ﬁ1ﬁ':'$a%.B­!$%.BI-'*)+ﬁ1#,!:'$TQMﬀ-ﬁB1"#,ﬀO%P6ﬂ8êZ#,ﬀ®¤§¯«IﬃÜÙá¨°©«£
Ò
¨¤§¯`Foª#,/M/0
¤
¦°±
¤§¯«I#,ﬀ¬ﬂª
^  ¡¢¡ﬂ²
ái³á¨´©«£
Ò
¨¤¯¶µﬁFÅé;7Z£ · Ý £
Ô
ﬁ1¸¤¯· Ý5ß

/­I(ﬁ'fﬂD%#,ﬀﬀ-ª
^ ﬂ¡¢¡£Ü¹U5ÝZß
à"âﬂº
I-6#,!:1^Bﬀ-&¥j6ﬂ,ﬁ1"!$#,ﬀ®U^  ¡¢¡2¨z£	»
Ò
ÜÞß$ÝM%.BOå&B%W¥sﬁ8F
ªﬁ1"1±ﬁﬀ-ﬁ"35!$Ł"1bﬁ/
>
#,"1²ﬁﬀ©356ﬂ ﬀ-%
>
ﬂ "1"!$ed~Ë5Ë¨çMk
>
ﬂ b'$Tﬀ-ﬁB1""!:ﬀ-#5b8ﬂ MﬁB.c
i
ﬁ!#,ﬀ91RBﬀ©':!:L
>
ﬂ #,B/0#8êZﬁﬀ²L!$ﬁﬀ
>
':B-Å!:/
>
#,"16ﬂ ﬀ91S9B-[ﬁ':B!%
>
=-#,1#,ﬀ-*)?Ü Ê]ç
>
ﬂ "1Å%-ﬂ ﬀ-'*)+ﬁﬀ-ﬁ"35!$ﬁ!:ﬀ-ﬁ1"!$S9B-%'fﬂ
/_ﬂ 1"!@ﬁbí"ﬁ15Ioﬁ1WﬁB'$ﬁ/0ﬁﬀ21aÜÛ.F:ÊMçds6#,!:1&Ü Ý5ß
à
Ð
º
k"1]ﬁ/M!$6V#,B-¥s#,"/0Rﬁ'$ﬁ1"#,/_ﬂ 35ﬀ-ﬁ1"!$S9B-5F`®ﬀ-
1#,B1
>
ﬁ1"!:1&¥s6ﬂ,ﬁ1"!$#,ﬀN"1[ﬁ/M!$6a#,B-@¥~#,"/0P%`)+#,ﬀ-%[356ﬂ879!:16ﬂ 1"!$#,ﬀﬀ-ﬁ':'$­¼,F
é!:ﬀ-!*I,L!$ﬁﬀ±S9B-^'*)+ﬁﬀ-ﬁ"35!$1#,16ﬂ '$':!:Lﬁ
>
ﬂ ÅBﬀ-]U

EEK#,!:1
>
':B-ÅL!$ﬁﬀ
>
':B-(356ﬂ ﬀ-%Rds%`) Bﬀ0¥*ﬂ,ﬁ1ﬁBÊ8Û5ÛZk
S9B-
>
#,B@Bﬀ-aU

E\ﬂ.I?6ﬂT':B/M!:ﬀ-#5"!:1Pﬁ'$ﬁ1"#,/_ﬂ 35ﬀ-ﬁ1"!$S2B-V"1ﬁﬀŁ3Zﬁﬀ-ﬁ6ﬂ '
>
':B-¥*ﬂ !:L'$&%RÊPQbûV/_ﬂ 35ﬀ!:1"B-%8F
é
>
@'$a/_ﬂ	c?!:/TB/­I'$P6ﬂêZ#,ﬀﬀ-ﬁ/0ﬁﬀ91Wﬁ'$ﬁ1"#,/_ﬂ 35ﬀ-ﬁ1"!$S9B-R"1ﬂ ':!:/0ﬁﬀ21
>
ﬂ 'fﬂR6ﬂ,%.!$#Zﬂ,ﬁ1"!:79!:1T%.B
ä"â

!*F
Ó
ﬂ !$^Bﬀ-TU

EE
>
#9%.B!:1ﬁﬀ979!:#,ﬀ¦Ê8ÛR¥s#,!$[/0#,!:ﬀ-[%[ä"â

!S2B) Bﬀ-VU

E\ﬂ.F
Pu½ ¾úR;¢4¡d¿P×]EÀ:4o
£ﬂ¨ﬀ2B-ﬁ'$#5ê9ﬀ91"=d¨ﬂ B´6ﬁ!:ﬀù%0"B
>
ﬁ"ﬀ-#875C 356ﬂ7?!:16ﬂ 1"!$#,ﬀﬀ-ﬁ':'$²"B':1­%`) Bﬀ-­#,/TL!:ﬀﬃﬂ !$#,ﬀ¬ﬁﬀ91"­'fﬂ
>
=ﬃﬂ,6²%
>

i
"B
>
ﬁ"ﬀ-#875ﬂ¨ﬁ1b'fﬂO#,/TLB-"1"!$#,ﬀ´Gc
>
'$#5"!:7Z²'$#,S2B-±Bﬀ-Ł#,ﬀ-%Ł%²6=-#9²1"6ﬂ87ZﬁŁ'$_/_ﬂ ﬀ918ﬂ B
ÁrÂ
\{(< {s|Ãp <<<|*{5\	ﬁ\|({~gWæ
}rR^X}<
}*{	^}Wæ
6}rR[6|*<
G_[ 	 ^|*
<
f
	\	|~}*
 {S].{~o<UR^
vR^\|Q\< |* ^{s|{~ﬁW 
Ä
{*|]ZJ}*
6G
88 |K	\{(R^
 ﬁuR^\|*{;JÅR[6{~{~\{46{sXR^X|~}* 	\{K5
 |6Q
G,J +}*
f
[ SR^<{~{~
R[ 
G,J\{A6}8+|6|*<
  <\{\
ÆK"6R^
G<	{`@[ \	}*G<Å<	{~?SR^5
6}~|*\A\{s||~}rl\{GW:6Çp <MDÈÊÉ2Ë
TrÌ(Í
V(M@Î	}~X}|£:
hÃ^^h
VX
µ>=¢ÏeÂN¸Ð2¿Ñﬃ"C¶PÒ£»òﬁÓJH\8ó µd?
ﬁﬀ21#,B6ﬂ ﬀ91A'$(å&B;ﬁﬀRGã«#,ﬀ-%.ﬁ/0ﬁﬀ918F5U?6=-ﬁ/_ﬂ 1"!$S2B-ﬁ/0ﬁﬀ918IZﬂ B
i
%ﬁ'fQ[%`) BﬀRﬁ"16ﬂ !:ﬀV6ﬂêZ#,ﬀb%('fﬂ
>

i
"B
>
ﬁ"ﬀ-#J7,ﬂ.I
1#,B1P'fﬂR/_ﬂ 1"!@ﬁ&75ﬂbﬁ1"Pí\ﬁ15I-16ﬂ ﬀ-%.!$[S2B)+ﬁﬀ­%P8Qbﬁ':'$a7,ﬂR8)+Gã`#,ﬀ-%.ﬁ
>
#,B@¥s#,"/0ﬁ^'$&"!$%.B­#,/
>
ﬂ,ﬁ18F
³4ﬀN6
>
#
>
ﬂ 3Z8ﬂ ﬀ21PQR1"6ﬂ7Zﬁ]'$ﬁﬀ-%.]%P'*)+ﬁ1#,!:'$5I-'*)+#,ﬀ-%T%a=-#?
>
#87Z#?S9B-V%^8ﬂ,ﬁ1"!$#,ﬀ-]ﬀ2B-ﬁ'$8ﬂ !:*)
ﬂ !:ﬀ-"!Bﬀ-^L«#,ﬀﬀ-
>
ﬂ "1"!$[%.B0"!:':!$ﬁ!:B/"1K¥jB-"!$#,ﬀﬀ-ﬁﬀMﬀ-#8ê2ﬂ B.c0%.B
>
!$^%.BM¥~ﬁ8I	ﬀ-#,16ﬂ /M/0ﬁﬀ91%.BMﬀ!$

ﬁ'*IZ%#,ﬀ21Å'$
ä"â

!?6ﬂ,%.!$#Zﬂ,ﬁ1"!æ¥"F5HKﬁﬀ-%-ﬂ ﬀ21ÅÔoﬂ,"=bﬀ9B-ﬁ'$8ﬂ !:5IZ'$4ﬁ'$ﬁ/0ﬁﬀ21Å%.B
>
!$^%.BR¥~ﬁ4#,ﬀ214'*)+#,L.í"ﬁ1(%`) BﬀML#,/TLﬃﬂ %ﬁ/0ﬁﬀ21
ﬀ-ﬁB1"#,ﬀ!$S9B-P!:ﬀ21ﬁﬀ-5IﬃS2B!ﬁﬀY1"6ﬂ ﬀ-\¥~#,"/0&Bﬀ-P356ﬂ ﬀ-%
>
ﬂ "1"!$aﬁﬀ­ﬁ'$ﬁ/0ﬁﬀ91
>
':B-^'$#,B%%.!:1«Õ\Ö§×EØSÙﬁÚÃÖvÛÃÛ^Ü\ÛzÝ
ØﬁFªﬁ!]ﬁ16ﬂ ﬀ918IÅBﬀ-N356ﬂ ﬀ-%
>
ﬂ "1"!$O%_ﬀ-#Jê2ﬂ B.c´¥*ﬂ L"!$S2B-
>
ﬂ _'*)+ﬁ1#,!:'$¨"1_í"ﬁ1O6ﬂ ﬀ-±"BL!:±%`)<ﬂ B1"
1"6ﬂ ﬀ-\¥~#,"/_ﬂ 1"!$#,ﬀ-8I1ﬁ'$&S2B-T'*)+#c.ê93ﬁﬀ-5I'$b8ﬂ "L«#,ﬀ-5Iﬃ'*) =-ﬁ':!:B/­I`ﬁ1W'$&ﬁ'$ﬁ/0ﬁﬀ21P%.!:1 Õ\Ö×ØSÙzÚvÖvÛÃÛ^Ü\ÛzÞßÛGFé]!:ﬀ-"!
'$W"B
>
ﬁ"ﬀ-#J7,CÙ%a1Xê
>
VEE#,ﬀ21""!:LB-ﬁﬀ91VQb'*)+ﬁﬀ"!$=!$6ﬁ/0ﬁﬀ21a%.BO/M!:':!$ﬁBO!:ﬀ91ﬁ"1ﬁ':'fﬂ !:TBBﬀN'fﬂ "3ZT
>
ﬁ1"
%P/_ﬂ,6 îTIîW5IﬃªWIoëRIﬁ'$ﬁ/0ﬁﬀ21W%
>
#?"B-'Ûaﬁ1ØﬁF
ª16ﬂ L'$8ﬂ B_1"=-#,"!$S9B-^¥sB1Å#,ﬀ.¤-"/0]ﬂ87Z['*)<ﬂ ﬀﬃﬂ ':ê.%^'fﬂa"B
>
ﬁ"ﬀ-#J7,ﬂV%^1ê
>
EEKﬂ
>>
ﬂ "B-]%-ﬂ ﬀ-Å'$[
Ó
ª
ﬁﬀDÊ8Ë5Ì?IoU

Ê8Ë5Ì éRF
10 20 30 40 50 60 70
.01
.1
1
10
C
N
O
NeNa
Mg
Al
Si
P S
Cl
Ar
K
Ca
Sc
Ti
V
Cr Fe
Ni
Mn
Co
Cu
Zn
MASS NUMBER
SN
 II
 / 
so
la
r
à
pAqjr4t­u2vâá xLcJp5
,	Q\{­	\{­\<
R^8|*{{~{~	{	PNR^
}~|^	\{[|*
<\{
R[6{~{~<ﬁ\{S]\|~}* e X|>ã j kﬂR^
"	
	\{R{~J}RÊWæ
Q|*<
GDJ°R[6{~{~_<	<
|*6v]?}*\6|*<ﬁuR^\|(ﬁtRÃp5
G  XQ\\{
{~
+}*\{\°x«+}* JäÆ;
^R^
6|*
 | 6:
M
eS^
o­VX
å
£	}*
PQ\{~{~ {JæK}	 JJçA<]		{ﬃ	è,ﬁt@J \J|~}*
G {ﬃ J5\J|é|~}*GpJ}*uWÑ]­R[<{ﬃ|~}rl{o<|*\ {~Pê9{o	
Xtvp	{~
}rp5\|
}		SR^\| } ]	
^RpJ}*AJK 	|~}*
G	{S]as {*\[
f
Q\4 ;Å}*"ÃQ|*<
GPJK 	
|*
6jJ\{~<|*\}|*
&J\8  ;	}*\5
,J}|*
	G68|EQ\\<<A[ vp {~
6}*	|*<
GJ;	\	|~}*
 {\Pê2\{«	
Xt<	{~5	}*
8		+|*{{~p	{~<{s|*\|«"|`[ éX|~}*KJ\{~<8|*}*\{o,6}o}*"vQX|*
ë`J
	}*
PQ\{~{~ {ÐW:"ﬁ
}*<{~ÅgW 
}rR[|*
V\[ \<SR^\|*{
f
 
^RÅp	}*R[6G (	(	\	|~}*
 {S],X|AJ
GQ(		{;{s|Ãp <\{\ê2J}*
PQ\\{~{~	{;};\{s|K<
{~\	? Z5}rR^X|~|*A{sJ8|*Xl\{~4J\{\<SR^\|*{JjJ\
f
JW <
vRp9
ì
yz{S[ +|^	[[ vp	{~
}*	|*<
±J^ \J|~}*
G	{ 6}Å<\{	
Xt]9<è XtT	[	\	|~}*
 {(||5\b<|*\ {~v]<R[<{Å < {(
 R^
G< {
Q\
8|*<89vê9K	{~|*\6}6|*<
Gëa\{s|- < {}6 	`	«<«	}*
PQ\{~{~ {*ísîðï
û
M:{5
G	}
ù
í
øvñ
V-[ vp {~
6}*	|*<
G	\{-	\	|~}*
 {\G`	}*
PQ\{~{~ {
5}rR^|£J6W:Ãp	}* };J\{`\<SR^\|*{` <	{£<
	}	{£ K(W }"
µdò ·Åó\ﬂJ¸;¹(ó9º »JC?¼.½¾oº	ô2¼
ñ
ò8ô.ò
ñ
C»;»;ó9¿s¿jó\YÀÁÂYóNÃ	Ã ÄÅÁÂYó­ÃﬁÆÅÇL
ó ôöõ÷ùøLúûNü ý
þ ß    ß	
  ß	 
âñﬀ´ß  ﬁ çéè ß êﬂ
ﬃ>í
óû û!Dó
î#"Pî
 %$ó
"
úß
îgísî
ùûþý
ï'&
Dß
î
ù)($
í í
ó8 <ø
ï
ùó
ïî#*,+
$
ï.-
"Pîuí ísî
(nù!ú÷
î
û ú9û
î
ù:øúû
-îuí ísî0/

GﬁWæQ	{
ªY1Xê
>
Y%Y"B
>
ﬁ"ﬀ-#875ﬂhﬂ¨7?B´#,ﬀ°!:ﬀ21ﬁﬁ1_%ﬁB
>
'$O%
>
B!$M'$Y%ﬁLB1_%_ﬂ ﬀﬀ-OÊ8Ë5Ë5Û.I(S9Bﬃﬂ ﬀ-%°#,ﬀùﬂ
#,/M/0ﬁﬀ-TQM'$[B1"!:':!$ﬁ#,/M/0T=ﬃﬂ ﬀ-%ﬁ':'$&#5"/0#,'$#,35!$S9B-8Fﬃé]!:ﬀ-"!`'fﬂM#,/
>
ﬁ=-ﬁﬀ-!$#,ﬀ¨%P'fﬂ
>
=2ê."!$S2B-V%
'*)+Gc
>
'$#5"!$#,ﬀNﬁ1^'fﬂM%ﬁ1ﬁ"/M!:ﬀﬃﬂ 1"!$#,ﬀ§%
>
#,3Zﬁﬀ!:1ﬁBW%P[Gc
>
'$#5!$#,ﬀ-P#,ﬀ91^79B-[6ﬂ7?!:7Z8F
1a 1 ×32K4úR 7NÀ}¿Pﬃ6WR 4¢¢["«
45,675,6 8:9<;>=,?A@CB,;<DFEHGJILKM@N;>B,=)GOIPEHGRQ%GS@CBT@'G	UWVXINIYG
ª
>
ﬂ 6ﬂ 356ﬂ
>
=-T"1^1"!:a%PH46ﬂ ﬀ910Z8#5WÈ
Ó
#,ﬀ91"/0ﬁ"'$±d\Ê8Ë5Ë5ÌZkGF
£ﬂ0#,/VLB-"1"!$#,ﬀ¨%P'*) =2ê.%.#,3ﬁﬀ-
>
#,B['$[ﬁ1#,!:'$]%
>
ﬁ1"!:1a/_ﬂ,0d [ Ì
ÓeÔ
k@%.B
>
ﬁﬀ-%-ﬂ ﬀ21]S9B-ﬁ'$S9B-
/M!:':':!fﬂ %%`)<ﬂ ﬀﬀ-JI7Z#,!:@í\B-S2B)<Q
>
':B-!$ﬁB%.!\ZJﬂ !:ﬀ-%a/M!:':':!fﬂ %%`)<ﬂ ﬀﬀ-
>
#,B^'$^/0#,!:ﬀ-/_ﬂ,"!:7Z8F
£ﬂ0':B/M!:ﬀ-#5"!:1R%VWﬁ1#,!:'$ﬀ)<ﬂ B35/0ﬁﬀ91RS9B-a1"'$ﬁﬀ21ﬁ/0ﬁﬀ91a"B['fﬂ06S2B-ﬁﬀ-
>
"!:ﬀ-ﬁ!
>
ﬂ '$5I«ﬂ BN¥jB]ﬁ1
Q±/0"BMS9B-T'*) =9ê?%.#,3ﬁﬀ-_R1"6ﬂ ﬀ-\¥s#,"/0bﬁﬀe=-ﬁ':!:B/ d
>
ﬂ P'$&=ﬃﬂY]$ﬀ-
>>
k]ﬁ1aS2B-R'$
>
#,!$%&/0#,'$ﬁB'fﬂ !:
/0#8êZﬁﬀ§ﬂ B35/0ﬁﬀ215F
£ﬂT#,ﬀ21"6ﬂ,ﬁ1"!$#,ﬀY%.BŁå&B%`) =-ﬁ':!:B/ú':!:L>ﬁ]%'*)+ﬁﬀ-ﬁ"35!$]356ﬂ879!:16ﬂ 1"!$#,ﬀﬀ-ﬁ':'$PS9B!o6=ﬃﬂ B.ã«]'$#,B-=-^"B
>

i
"!$ﬁB#,ﬀ21ﬁﬀﬃﬂ ﬀ21[ﬁﬀ-#,]%'*) =9ê?%.#,3ﬁﬀ-5FL!Pﬂ ﬀ-ÅBﬀ-/M!:ﬀ-
>
ﬁ':':!$ﬁB'$Wﬁﬀ21#,B6ﬂ ﬀ21@'$]å&B©'fﬂa1ﬁ/
>
ﬁ6ﬂ 1"B
%
>
ﬂ,g
EXÝ5ßÉMI '*) =2ê.%.#,3ﬁﬀ-^/0ﬁ1"16ﬂ ﬀ21Åﬂ '$#,(Q]L0^'$ﬁ
>
ﬂ K'$@ﬁê.ﬁ'$[ª

ë¬S9B!9':!:L>ﬁ@ﬁﬀ-#,
>
':B-K%`)+ﬁﬀ-ﬁ
i
35!$5F-é¤-ﬀ­%`)<ﬂ L-#,"L«ﬁ&ﬀ-#,B7Z8ﬂ BIÔ-B.cY%`)+ﬁﬀ-ﬁ"35!$5I-'*)+ﬁ1#,!:'$a6&/0ﬁ1%`)<ﬂ L#,%­QM3Z#,ﬀ<Ôﬃﬁ«6ﬂR':B/M!:ﬀ-#5"!:1P1
#,ﬀ-"16ﬂ ﬀ9116ﬂ ﬀ-%.!$S2B-]#,ﬀ_6ﬂ8êZ#,ﬀŁﬂ B35/0ﬁﬀ915F-U.ﬂP1ﬁ/
>
ﬁ6ﬂ 1"B]%]"B\¥~ﬂ,]%.!:/M!:ﬀ2B-5FS_]Bﬃﬂ ﬀ-%±ﬁ':'$
i
ﬁ!`ﬂ 1"1ﬁ!:ﬀ21
Í5Û5Û5ÛNQÊ2Û5Û5ÛNÉMI`'fﬂN#,ﬀ27Zﬁ1"!$#,ﬀ 8)+ﬁ16ﬂ L':!:1MQY8ﬂ B-_%0'*)+#
>
ﬂ,ﬁ!:1±ﬁ'$ﬁ7Z±%0'*)+ﬁﬀ27Zﬁ'$#
>>
5FK()+ﬁ1#,!:'$±#,ﬀ91"!:ﬀ2B-
%b3Z#,ﬀ<Ôﬃﬁ8I`/_ﬂ !$P6ﬂ²':B/M!:ﬀ-#5!:1
>
ﬁB1P%#,"/_ﬂ !$Rﬂ B35/0ﬁﬀ21ﬁ±dsﬁﬀe6ﬂ !$6#,ﬀh%b'*)+^;_8ﬂ,ﬁ!:1_%b'fﬂ²#,ﬀ27Zﬁ1"!$#,ﬀ
>
#,Bﬁ7,ﬂ,ﬁB-ﬁ'*)+ﬁﬀ-ﬁ"35!$JkGIﬃaS9B!'*)<ﬂ /ﬂﬁﬀ-VB^'fﬂa`^Ø0bNcEÚed<ÖbÕ"ÖvÛgfih0bNcOj2ÖvÛ«ØÙ%ÜNf"ÖvÛGF£ﬂM"1""B-ﬁ1"BT%`) Bﬀ-P3Z8ﬂ ﬀ21
#,B3Z1Å1"Å%.!æã`ﬁﬁﬀ21W%`) Bﬀ-ﬁ1#,!:'$W"B('fﬂVS9B-ﬁﬀ-
>
"!:ﬀ-ﬁ!
>
ﬂ '$5F?å&B1"Å%ﬁﬀ-]ﬁ1Å!:ﬀ-ﬁ"1%`) =-ﬁ':!:B/
#?ﬁB
>
&Bﬀ-&¥s6ﬂ,ﬁ1"!$#,ﬀ­/M!:ﬀ9B-ﬁB'$Tﬂ B­ﬁﬀ91"V%P'*)+ﬁ1#,!:'$5F
$
ﬂ ﬀ-%.!$MS2B-²'*)+ﬁ1#,!:'$²/0#,ﬀ21Y"BR'fﬂNL6ﬂ ﬀ-=-Y%b3Z8ﬂ ﬀ21b#,B3ZJIK6#,ﬀ©å&BM%`) =-ﬁ':!:B/ #,ﬀ21"!:ﬀ9B-­Q¨
#,ﬀ21"6ﬂ,ﬁ1ﬁ8F.£ﬂa/_ﬂ,]%%ﬁ"ﬀ!$ﬁ^ﬂ B35/0ﬁﬀ21W8ﬂ QV6ﬂaB\¥~ﬂ,]8)+ﬁ/
>
!:'$ﬁﬀ21'$Åﬁﬀ-%.@%['fﬂV#,/VLB-"1"!$#,ﬀ
%P'fﬂb#,B-6=-V%`) =2ê.%.#,3ﬁﬀ-5F
_]Bﬃﬂ ﬀ-%ù'fﬂ§1ﬁ/
>
ﬁ6ﬂ 1"BOﬁﬀ21"6ﬂ '$¨ﬂ 1"1ﬁ!:ﬀ21²Ü Ý5ß

ÉMI4'*) =-ﬁ':!:B/Ø8)<ﬂ ':':B/05FZ!Pﬂ ﬀ-M'$±ﬁ1#,!:'$_%Y/_ﬂ,6
!:ﬀ.¥~ﬁ"!$ﬁBhQ°Ü 

Ó§Ô
I'fﬂ %ﬁﬀ-"!:1e"1­ﬂ '$#,­Ü ÝZß


3\æ/
Ñ
Ð
I^ﬁ1Ł'$§32ﬂ.Ze%`)+ﬁ'$ﬁ1"#,ﬀ-N"1Y%ﬁ3Zﬁﬀ-ﬁ5F[;ﬂ
#,/VLB-1"!$#,ﬀh%V'*) =-ﬁ':!:B/ %-ﬂ ﬀ-&&#,ﬀ-%.!:1"!$#,ﬀ-P"1]Gc
>
'$#5"!:7ZŁdj7Z#,!:W'fﬂ0¤-35BMû.F<û_ﬁ1W'$
>
ﬂ 6ﬂ 356ﬂ
>
=-0Í.F<û.F:ÊJkGI
µJk ·Åó\ﬂJ¸;¹(ó9º »JC?¼.½ òﬁÓ;ó2º

C»`¸Ð2¿Ñﬃ9ô
ñ
º ó\ŁÀÁÂYóNÃﬁô
pAqjr(tEá2v:wbx
Â
6}vRgR^4JAlK}~|r{{~	}* 	 m£ {~{~\<dM\l; m6Vo|* \
6}* 	^]	}*	}*\{~\|68|@<R^<	
G{~+|*
êMJ\{K|*
<{A\'Wæ
Q|*<
TJ<\J};|*uR^5}6|*J}*Åð_ZSQ|*<ﬁM@xXn oVXê2\{;|~}ÃQ\\{;\ﬁ
G<J|*ÇW {4	Å,|~}*
R^
8ﬁl\<\{o{s|*6<}*{S] J*R[{~{~
e
]ﬁoP]
hv
|qp­ã
jk
{~
G|ﬃ}*\	}*{~\|*\{S]8<	{~Z8	`<\{|65\{R[ as	}*\{
JK<\	}«\ﬁ
G<J|*
"]
f
,}~|*<}£J;Å{~" \XQ\KJ}*XQ\<,6ÅM¢yX~EVXﬁê9\{`	,6{~\{«<
G	G {	ÐQ\
^RÅp  {s|*<

Q\8|~}6<(	A[  8}*
Gvl\ AX|£	A[  \<<R°{~
|;]|~}<{\ <{\y8
G|£	{~{~9< 	 \\{`<\{	,{~{;J
r
"6|*\{sm£
G \{M
r
m6Vð]
r
"|*\{Xm£
G	G\{Gc£{sﬁR^	|*
|* {JM
r
mJc(Vð]ﬁ~- <{~\{*x«	}rR^8	\{6M@~¶x*Vð]J|
Æ;Sp 	 {~~- 6 |6+}*UMÆ6~Vð]	  {~\{; 2{~
G|£	}*
	}*\{£ﬁtWX|*
G<<\{AJR[{~{~(W:6Çp <
&<|*}rR^
J 6+}*^].| ovp5
	|*<{~{~\|
f
}Wæ
}rR[|*<
G0\[ 	 @ < p 6Q G
Â
^ <	{Å<\{Å|*
<\{	§WæÇp <
R[6{~{~;{~Xp <{~{~\|<*è56{~UQ\|~}5J£[  <XR M@Î.{~#lKVﬃ,6,@\<<\{o{~£|~}*
 ﬁ\|[{~
^RgR^X|J
ÅpJ}XQX	A	{
r
"|*\{Xm£
G	G\{\ \{`5|*+|*\{`X|*
G<<\{*p	}rq <\|`[  <XR©|~} 8	<<SR^8|]8{~
+|
f

p {~Å	(§p	}6Q Å	\{
r
"6|*\{tm£
G	G\{ZM:{~?<\J}6R^|6<ÇQ\+|*Å\{s|;\<\ﬁ\Q\
vRgR^( 	{ZQ"6{KJ
y8
G<\<âVð]	{~
+|{~	}`Huo}XQX	tlK
6}*Ç{\
G|<§MvuOlÅ]85
GJ}	{>R^|<<ÇQ\+|*\{>W:6Çp <\{GQ\
6}~}*\{~5
G  |6Xt
|*
<{«	,<
Å	`
r
t	<VX
Â
	{o<£	\ﬁtJsluR^GQ"{S]
@
^pJ|*<\|< 	\ 
vRgl\ J\{Mm>mßê28}^]
,6,{;|*
<{;|~}"ﬁ}*{~\|Åæ§{\
 Å\[ < {s|Ãp <<<|*ÅçM:&}*<{~Viw <\{;X|*
G<<\{;	< {ÐR[{~{~<ﬁ\{£ 
|~}"ﬁ}*{~8|¶Q\X|~|*Ð{
G £J\8  8|ﬃJ\{o\ 	yxf	\{\­ê9\{ﬃ|*
<\{o\|~}*
eh
|
h
ã
jk
,6{~{~\|ﬃ,6}o
	,{~Ðy8 5}~
r
"6|*sm;
 ZM¢y
r
m(V?	 <{-utJ <
G{~8|ﬃ\{~ 5}*	
60	«|z	5y~y>M¢yﬁÆ;y~yVð]| 	<{ﬃ8	
<\{4|*
<{4\Q\
6}*@ <	{(R[{~{~<ﬁ\{;|~}G}*{~\|gM:},zÃQ\
f
  Wæ
6}~|*@5}~|*^JÅR[6{~{~VK[}*G<
GMJ\{
{o6}*vp	<\{u<\	\{(ê2R^<  {~gM\{uê<Vð],	 <{;	\8<\ 	\|;	\{;|*
G<<\{AJA|b
G`W }m;\|ÅM~|ﬂm6V"|
[ ðt		<
G{~}£\]{~ 5}*	
6JA|jJ5AyDpM¢yzÆKyÑp%VX
'*)+ﬁﬀ-ﬁ"35!$V%ﬁ32ﬂ 3ZVﬂ !:ﬀ-"!#,B-%-ﬂ !:ﬀ-ﬁ/0ﬁﬀ91Rd%bÛdIÕ\Ö0 dheDÜ²k%.!:'fﬂ 1PBﬀ
>
ﬁBY'$På&B.'fﬂb%ﬁﬀ-"!:1P%ﬁ#.]$1ﬁ1
'fﬂ0%ﬁ3Zﬁﬀ-ﬁﬁﬀ-V%[ﬁ'$ﬁ1"#,ﬀ-]%.!$
>
ﬂ 6ﬂY]$18F-() =-ﬁ':!:B/ L0^'$a%#,"/_ﬂ !$ﬀ-#,"/_ﬂ '$ﬁ/0ﬁﬀ218Io1#,B1#,/M/0a%-ﬂ ﬀ-
'$bﬁ1#,!:'$
>
':B-T/_ﬂ,"!:7Z8IK%-ﬂ ﬀ-V'$6S2B-ﬁ':'$R'$_å&Bbﬀ)+"1
>
ﬂ,b%ﬁ3Zﬁﬀ-ﬁ5FKé
>
RS2B-#,!*I;'$_å&Bbﬁ1"#,B7Z
6#,ﬀ§S9B!:':!:LMﬂ,"B
>
ﬂ &'*)+ﬁﬀ-ﬁ"35!$Rﬀ2B-ﬁ'$8ﬂ !:5F()+ﬁ1#,!:'$5I`%#,ﬀ91P'fﬂ0':B/M!:ﬀ-#5!:1M%.!:/M!:ﬀ2B-0ﬂ '$#,W¥~#,"1ﬁ/0ﬁﬀ218I`
?G=s÷a­»ŁZó\8ò8ó®FKó­¹(ÓÒ*
ñ
¸£óò8ó9¿s¿jô
ñ
º	ó µq
%
>
'fﬂ,P7Zﬁ'fﬂRLﬃﬂ,a%&'fﬂbL6ﬂ ﬀ-6=-V%^3Z8ﬂ ﬀ91[#,B3Z8F
&ﬁ1#,!:'$W%a¥*ﬂ !:L'$T/_ﬂ,P¥~#,"/0ﬁﬀ21WBﬀ§å&BW%`) =-ﬁ':!:B/%V/_ﬂ,6TÜÛ.F 2ü
ÓeÔ
Iﬃ%#,ﬀ91]'fﬂ±#,/VLB-"1"!$#,ﬀ
>
#?%.B!:1VBﬀ¦%ﬁL!:1R%`)+ﬁﬀ-ﬁ"35!$
>
6ﬂ 1"!$S9B-ﬁ/0ﬁﬀ21b#,ﬀ-"16ﬂ ﬀ91
>
ﬁﬀ-%-ﬂ ﬀ21MÜ Ý5ß

ﬂ ﬀ-8FAU9!Å'$ﬁBa/0ﬁ16ﬂ ':':!$ﬁ!:1Ł"1T#,/
i
>
ﬂ 6ﬂ L'$0Q±ﬁ':'$R%.BDU?#,'$ﬁ!:'*I'$ﬁB&1ﬁ/
>
ﬁ6ﬂ 1"BMGã`ﬁ1"!:7ZMT/_ﬂ !:ﬀ21"!$ﬁﬀ91Tﬂ B1#,BP%bÍ5Û5Û5ÛŁQ°2Û5Û5Û²É
>
ﬁﬀ-%-ﬂ ﬀ21
ﬁ1"1
>
=ﬃﬂ,)ﬁﬀYﬁ75ﬂ ﬀ-=-5I.'$[ﬁ1#,!:'$^%W¥*ﬂ !:L'$&/0ﬁ16ﬂ ':':!$ﬁ!:1PL0^'$ﬁﬀ91['*) =-ﬁ':!:B/ "B^'fﬂ `^Ø0bNcEÚed<ÖdLÙØvzÙNcOj)bNÖI
Qb%[1ﬁ/
>
ﬁ6ﬂ 1"BGã`ﬁ1"!:7Z ¼ %Vü5Û5Û5Û_QŁÊ8ûMÛ5Û5ÛMÉMF

'fﬂa¤-ﬀ­%W'fﬂb#,/TLB-"1"!$#,ﬀNﬁﬀ21"6ﬂ '$V%]'*) =-ﬁ':!:B/­I-'$Wå&B[%&'*)+ﬁ1#,!:'$P1@6ﬁﬀ21"!$ﬁ':'$ﬁ/0ﬁﬀ91]#,/
>
#5&%
8ﬂ "L«#,ﬀ-Åﬁ1£%`)+#8c?ê?3ﬁﬀ-5FJ®]ﬀ-A¥~#,!$
>
"!:7ZÅ%`)+ﬁﬀ-ﬁ"35!$Åﬀ2B-ﬁ'$8ﬂ !:5I	!:'2(#,ﬀ91"6ﬂ,ﬁ1Q@ﬀ-#,B7Z8ﬂ BIJ':!:Lﬁ6ﬂ ﬀ91;%4'*)+ﬁﬀ-ﬁ"35!$
356ﬂ7?!:16ﬂ 1"!$#,ﬀﬀ-ﬁ':'$)'fﬂT#,B-=-
>
ﬁ"!
>
=-ﬁ"!$S2B-&%`) =-ﬁ':!:B/ 8)<ﬂ ':':B/0Wﬁ1'*)+ﬁﬀ97Zﬁ'$#
>>
P6]%.!:'fﬂ 1WBﬀ-]ﬀ-#,B7Zﬁ':'$¥~#,!$'
'*)+ﬁ1#,!:'$²#,/M/0ﬁﬀ-­QY/0#,ﬀ91ﬁM'$_'$#,ﬀ3§%_'fﬂNL6ﬂ ﬀ-=-Ł%R3Z8ﬂ ﬀ21b#,B3ZJI;"BRBﬀ©1"6ﬂ	í\ﬁ1
>
ﬂ 6ﬂ ':'@ﬁ'$Yﬂ B
>
%ﬁﬀ21VdTfh0bNcJj2ÖvÛ'ØÙ%ÜNf"ÖvÛbÛN×qjrÙ'jT­ÜdÖvÛ	kGF?;ﬂV"1""B-ﬁ1"B&%]'*)+ﬁ1#,!:'$&%ﬁ79!$ﬁﬀ91@#,/
>
'$GcN2BﬀŁå&B@!:ﬀ-ﬁ"1
%V8ﬂ "L«#,ﬀ-Rﬁ1]%`)+#c.ê?3ﬁﬀ-T%ﬁ3Zﬁﬀ-ﬁRﬁﬀO'$ﬁﬀ91T#,ﬀ91"6ﬂ,ﬁ1"!$#,ﬀI«ﬁﬀ21#,Bb%`) Bﬀ-V#,B-6=-R%`) =-ﬁ':!:B/%#,ﬀ21W'fﬂMLﬃﬂ,6
L0^'$5IJ%`) Bﬀ-#,B-=-%`) =2ê.%.#,3ﬁﬀ-Wds%#,ﬀ91;'fﬂ@Lﬃﬂ,64L0^'$Åﬁ32ﬂ '$ﬁ/0ﬁﬀ91kﬁ1K%`) Bﬀ-(ﬁﬀ-#,"/0ﬁﬀ97Zﬁ'$#
>>
#,ﬀ27Zﬁ1"!:7Z5F
£ﬂb%ﬁ"ﬀ!@ﬁ
>
=ﬃﬂ,P%W'fﬂR79!$&%&'*)+ﬁ1#,!:'$P"1^8ﬂ 6ﬂ,ﬁ1ﬁ"!$
>
ﬂ ^Bﬀ-&!:ﬀ91ﬁﬀ-
>
ﬁ"1&%&/_ﬂ,&#,B-¥~#,"/0
%Y7Zﬁﬀ91_"1ﬁ':'fﬂ !:5F(()+ﬁ1#,!:'$
>
ﬁ%´Bﬀ-Ł356ﬂ ﬀ-%
>
ﬂ "1"!$­%­6#,ﬀ´ﬁﬀ27Zﬁ'$#
>>
NﬁﬀùÜ ÝZß  ﬂ ﬀ-8I4ﬁﬀ"!$=!$66ﬂ ﬀ21±'fﬂ

ﬂ 'fﬂ	c.!$Yﬁﬀù8ﬂ "L«#,ﬀ-5IÅﬂ.Z8#,1Yﬁ1±ﬂ B1"
>
#?%.B!:1_%Ł'fﬂ§#,/TLB-"1"!$#,ﬀ¬%Ł'*) =-ﬁ':!:B/­F³4':'$­%ﬁ7Z#,!:'$Nﬂ !:ﬀ-"![6
#,B-=-!:ﬀ21ﬁ"ﬀ-ﬁ16=ﬃﬂ B-%8I2ﬁ1[%
>
'fﬂ,%#,ﬀ-7Zﬁ('fﬂ&32ﬂ B-6=-%.B²%.!fﬂ 356ﬂ /M/0î
iï
FZé]B
i
%ﬁ'fQa%Í5ÛVÛ5Û5Û
ÉMIﬃﬂM':B/M!@ﬁTB':1"6ﬂ7?!$#,'$ﬁ1"1T!$#,ﬀ!$6V'*)+ﬁﬀ97Zﬁ'$#
>>
RGc
>
B'$65F«ª
>
=-ﬁﬀ-#,/ﬂﬁﬀ-R1WQM'*)+#,"!:35!:ﬀ-R%cqh`^ÜÖ­Ü\ÛzÖvÛ
×O\bNcqhj)b'DØÖvÛGF
EX'`ﬀ-P"1W¤-ﬀﬃﬂ '$ﬁ/0ﬁﬀ91]S9B-P'$På&B%a8ﬂ "L«#,ﬀ-aﬁ1[%`)+#c.ê?3ﬁﬀ-5I-Bﬀ-cObNcÖ:`e\bNcEÚed<ÖF
45,675} GJIaDHVXB,DGOIL ¡=,VXDH¢i£HGJI
!¥¤ ﬀ-M'$ŁﬁﬀJ¤ "!$#e"1¤ ﬀ-%M¤ %`IÅ%#,ﬀ210'$b35¤ ﬀ-%M':!:35ﬀ-_#,ﬀ210ﬁ1Yﬁ7Z#?S2B-0ﬁ!
i
%6"B-8IK'$Mﬁ1#,!:'$0%#,ﬀ21
' ¤Y/¦¤,60"BT' ¤­S9B-ﬁﬀ-
>
"!:ﬀ-ﬁ!
>
¤ '$²"1V!:ﬀ.¥~ﬁ"!$ﬁB±QOÌ
Ó
Ô
1ﬁ"/M!:ﬀ-ﬁﬀ21b'$ﬁBV7?!$_6#,B-P¥~#,"/0_%0ﬀJ¤ !:ﬀ-
L' ¤ ﬀ-=-bdj7Z#,!:^¤-35BVÍ.F<ûbﬁ1§û.F:ÊJkGFoª
>
¤ ¤ 35¤
>
=-V1^!:ﬀ-
>
!:a%

#,B"3Z#,B':=-#,ﬀ d\Ê8Ë5Ë5ËZkGF
pAqsr4t<á2v uTx
j©¨
{~{Tª>ª|>Qy«vR^'«G{~+|*¬«G\[ ­	.ª
¨
YªJpY®
¨
Q.ª<ª\
W~«GXQ|*¬«Ga¯ªA®
¨
R
¨
{~{TªÅYª4{T«GPJ})«G\ +|)ªy­J}],'«e­J}<­ .ª4X|)«G¬®¬ª
{Tªy­.®¬ªAª|<­ YªA|)«°®¬ªp <
¨
+})ªGx«<}*Å¯ªAyÑp'ª\M
evﬁe
VX
®]ﬀ-0ﬀJ¤ !:ﬀ-±L' ¤ ﬀ-=-/,Y1¤ ﬀ-%M¤ %.h"1V"B"/0#,ﬀ91²%`) Bﬀ-_¤-ﬀ-_ﬁﬀ97Zﬁ'$#
>>
Ł%`) =-ﬁ':!:B/ #,B¦%`) =9ê?%.#,3ﬁﬀ-5I
S9B!`ﬀ-P
>
ﬁﬀ21
>
¤,
>
':B-%_Ê8Û
Ñ
àb¥s#,!$@' ¤b/¦¤,6&1#,1¤ '$V%&'*)+ﬁ1#,!:'$5Iﬃ/¦¤ !$[S2B!;%ﬁ1ﬁ"/M!:ﬀ-V
>
#
>
"!$ﬁ1

>
ﬁ1"#5#
>
!$S9B-8Iﬁ1V%`) Bﬀh!:ﬀ91ﬁ"!$ﬁBa¥~#,"/00%`)+ﬁ'$ﬁ1"#,ﬀ-8I;ﬁ1V%Mﬀ-#8êi¤ B.cD%M¤ "L«#,ﬀ-_ﬁ1a%`)+#8c?ê?3ﬁﬀ-5FKªW)+1
Á
ê
¨
|)ªSR^5}
¨
|)­J})ªXªu_CªSQ|*<ª£[ ­	.ª|)«°®¬ª<ª\{s|O®
¨
|)ªSR^5X}
¨
|)­	})ª¯­gQy«}*	{oY«G+}`±­	 SR%ª|~|~}
¨
+|O®
¨
RgéSR%ª`Y­ <{~{
¨
XQyª£­Yª7®@[ |)«¬®°ª
M
f
{T­J}W
¨
Q²ªÅ
¨
®¬ªVX
µﬃõ ·Åó\ﬂJ¸;¹(ó9º »JC?¼.½ òﬁÓ;ó2º

C»`¸Ð2¿Ñﬃ9ô
ñ
º ó\ŁÀÁÂYóNÃﬁô
Bﬀ³¤,"1"V%#,ﬀ91]'$a¤êZ#,ﬀdÝ¤ "11Xê
>
!$S9B-ﬁ/0ﬁﬀ21&%Tü5Û5Û5Û

/­Io%P/¦¤,PÞ«£´µRÜÚß@
Ó¨Ô
IM¶±·TS2B!>¶#N¸-%.B!:1&Q
BS¸M·V%S·¸M¹0º:1¼»a%S·P/¦¤N¹¼¹·¾½ß·¹
U5Ý5ße¿

3U,/
Ñ
Ð
+
À
ó"0ôﬀò8º ó\ÂÁ®F6ﬃ2¾¶ﬃ?»Ðﬃ9ºXﬃ"ÄÃ
!¥¤.¸M¹¶±·±¹H¶±ÅN¸-%º:10ºvÅN¸M¹8I2' ¤&%S·¸M¹0º:1¼»%`)Æ»ﬁ'v·±¶ﬁ10Ç¼ÅN¸M¹>È  ·É  ½>¨eÊLË¥ÌÅ%0ÍÉ ÏÎ ß·±¹0ÐAÑ ¤W¥Ç¤N¶Ð0ºvÅN¸¦»Ñv·±¶Ð0Ç¼ÅN¸SºvÒÓM·
Ì¸MÅNÔÕSÇ¼·ÖX×Æ»Ñv·±¶Ð0Ç¼ÅN¸M¹gØJ¤.ÇÙÕJ¤.Ç"êCÅN¸OÚ·ÐHÊaËU· Ý@&}9ÝZß
Ñ?Ò

Û
Ñ ¤ÜÔ¦¤N¹¼¹¼·ÕJ¤.Ç"êCÅN¸SºvÒiÓM·ÔÝÅ8êC·¸S¸M·¯ÚeÞqß'¤.ÓSÐHÈÐ'·
(ÝZß
Ð
äÔ
Ñ
ÐSàiá
× º\ÔÜØSÓSÑv¹0ºvÅN¸ﬂÖS·UM·Ç0ÔÜºsÖS·±¹Ï»Ñv·±¶Ð0Ç¼ÅN¸M¹Þ¯âJã

· ³eä
Ò
È  µýå
Ð
Ì ·±¹0ÐÑ ¤¶±ÅN¸M¹0Ð¤.¸iÐ¼·©ÖS·æÑ ¤.¸M¶

Ú·±¹0Ð
ÖSÅN¸M¶Hâ ã

·¹
@&J6ÝZß
Ñ?Ò"Ò
Û
¼Ô¼¹
Ñ
ý
à
ªÏ·Ð0Ð¼·#ß'¤.Ñv·ÓSÇ¡·±¹0Ð¡¶±ÅNÔÜØJ¤.Ç¤.ÕSÑv·Ù¤.ÓÝØSÇ¼ÅÖÓSº\Ð<Êﬁ»g·¹
@&J6ÝZß
Ñ9ÒÒ
Û
¼Ô-¹
Ñ
ý
ÌÊ·±¹0ÐÄÑ ¤çÔ¦¤N¹¼¹¼·ÖS·³Ñ)×Æ»Ñv·±¶Ð0Ç¼ÅN¸7Þ#·Ð»èÑ ¤çßº\Ð¼·±¹¼¹·èÖS·³Ñ ¤çÑ\ÓSÔÜº@Ç¼·ÖM¤.¸M¹ﬂÑv·èßºvÖS·¯Ú
à
æ¤.Ça¤.º\Ñ\Ñv·ÓSÇ¼¹Þ#¶±ÅNÔÜÔÝ·
âJã
Fé
È
ýå
Ð

é
½«ýTå
Ð
é
£
ýTå
Ð
´µ
ÞÑv·±¹Í»Ñv·±¶Ð0Ç¼ÅN¸M¹¦¹¼ÅN¸Ð¦¸MÅN¸ê)Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·±¹¦ÖM¤.¸M¹¦Ñv·±¹Ý¸J¤.º\¸M·±¹¦ÕSÑ ¤.¸M¶¼ëM·±¹ÍÑv·±¹ÝÔÝÅNº\¸M¹
Ô¦¤N¹¹0º\ßC·±¹ÞM·Ð%Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·±¹ÖM¤.¸M¹#Ñv·±¹%ØSÑ\ÓM¹#Ô¦¤N¹¼¹¼º\ßC·±¹
à
á
¤PÐ¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·¦ÖS· M·Ç0ÔÜºHÖS·±¹»Ñv·±¶Ð0Ç¼ÅN¸M¹·±¹0ÐÖSÅN¸S¸M»±·ÝØJ¤.ÇﬂSì ã

·úÝ¨'í¯î ³â
ã

µ
Ò
»
Ò
³Ê
Ò

»
à
áçÊz»
Ò
ÌÅ%0í¯îF·±¹0ÐgÑ ¤Ý¶±ÅN¸M¹0Ð¤.¸Ð¼·ÖS·ÏÅNÑ\Ð0Z±Ô¦¤.¸S¸OÚeÞs¹¼ÅNº\Ð¡ìã

·	
  2Ý5ß¿±É
à
ëgÇgÑ ¤ÜÐ¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·Ô¦¤Yïº\Ô¦¤.Ñv·¤.Óð¹¼·º\¸
ÖS·±¹¸J¤.º\¸M·±¹ÕSÑ ¤.¸M¶¼ëM·±¹:·±¹0ÐÖSÅN¸S¸M»±·¦ØJ¤.ÇÑ ¤ﬂÐ¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·¦ÖÓç¶å©ÓSÇ:¤.Ó	ÔÝÅNÔÝ·¸iÐÖS·ÝÑ ¤²¥ÓM¹0ºvÅN¸	ÖS·ÝÑ)× ëM»Ñ\º\ÓSÔ 
ì ÜÞÝ5ß

É
à
ëg¸ð¤ÖSÅN¸M¶%ìã

± ì¦ÞÑv·±¹#»Ñv·±¶Ð0Ç¼ÅN¸M¹g¹¼ÅN¸iÐgÖSÅN¸M¶ÖS»
Û
»¸M»Ç¼»±¹
à
ëg¸ÜØq·ÓSÐ¶¤.Ñv¶ÓSÑv·Ç¡Ñv·ÓSÇØSÇ¼·±¹¼¹0ºvÅN¸Ý·¸¦º\¸iÐ¼»
Û
Ç¤.¸iÐÏ¹0ÓSÇAÑ)×Æ·±¹0ØJ¤N¶±·#ÖS·±¹ØSëJ¤N¹¼·±¹AÑv·§ÔMÓïÜÖX× º\ÔÜØSÓSÑv¹0ºvÅN¸
à
ëg¸ÝÅNÕSÐ0ºv·¸Ð
¤.º\¸M¹¼ºZ ñ
·
³eä
Ò
µ
Ò
å
Ð
CÊ

Ê
äå
Ð
Ë
Ò
É
ä¼å
Ð

½
äå
Ð
Ì~Í
à
Ê¯Ú
ÖM¤.¸M¹Ñ ¤:Ñ\º\ÔÜº\Ð¼·¥¸MÅN¸ê)Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·'ÞJ·Ð«
ñ
·
³eä
Ò
µýTå
Ð
'Ê
à¼å
Ð
Ë
»É
à¼å
Ð

½
à¼å
Ð
Ì~Í
à
ûCÚ
ÖM¤.¸M¹HÑ ¤©Ñ\º\ÔÜº\Ð¼·#ÓSÑ\Ð0Ç¤Yê)Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·
à
ëg¸ÝÔÝÅN¸iÐ0Ç¼·Ù¤.º\¸M¹0ºJÒÓM·%ØqÅNÓSÇAÓS¸M·#¸J¤.º\¸M·#ÕSÑ ¤.¸M¶¼ëM·Ñ ¤©ØSÇ¼·±¹¼¹0ºvÅN¸ÍÖS·#ÖS»
Û
»¸M»Ç¼·±¹yê
¶±·¸M¶±·ÙÖS·±¹H»Ñv·±¶Ð0Ç¼ÅN¸M¹¾·±¹0ÐHÕSºv·¸P¹0ÓSØs»Ç0ºv·ÓSÇ¼·gòÐ¼ÅNÓSÐ¼·±¹HÑv·±¹Ï¤.ÓSÐ0Ç¼·±¹HØSÇ¼·±¹¹0ºvÅN¸M¹ÙÌÒÓM·¶±·g¹¼ÅNºv·¸iÐ¡Ñ ¤¥ØSÇ¼·±¹¼¹¼ºvÅN¸
Û
»¸M»Ç¼»±·
ØJ¤.ÇÑv·±¹%¸MÅ8êi¤.ÓïaÅNÓﬂÑ ¤ØSÇ¼·±¹¹0ºvÅN¸LÖS·¥Ç¤NÖº ¤.Ð0ºvÅN¸7ÞMÐ¼ÅNÐ¤.Ñv·ÔÝ·¸Ð¸M»
Û
Ñ\º
Û
·¤.ÕSÑv·ºv¶º}Ú
à
á
·±¹AÇ¼·Ñ ¤.Ð0ºvÅN¸M¹©Ì~Í
à
Ê¯Ú·ÐgÌ~Í
à
ûCÚtÔÝÅN¸Ð0Ç¼·¸iÐÏØJ¤.Ç¡¤.º\Ñ\Ñv·ÓSÇ¼¹HÒÓM·¾Ñ)×Æ»±ÒÓJ¤.Ð0ºvÅN¸ÍÖX×Æ»Ð¤.ÐHÖS·±¹H¸J¤.º\¸M·±¹ÕSÑ ¤.¸M¶¼ëM·±¹©Ì
Û
¤.ZÖS·
J·Ç0ÔÜºqºvÖS»¤.Ñ}ÚH·±¹0ÐÏÖS·#ÐêØs·ØsÅNÑ:êÐ0Ç¼ÅNØSºvÒÓM·'Þi¶'×Æ·±¹¼ÐyêóòYê,Öº\Ç¼·gÐ¼·Ñ\Ñv·ÙÒÓM·
ñ
é
½ôsÞz»Ð¤.¸iÐÏÑ)× º\¸MÖºv¶±·¥¤NÖº ¤.ÕJ¤.Ð0ºvÒiÓM·
à
ªÏ·Ð
º\¸MÖºv¶±·ßN¤.Ç0º ¤.¸ÐÞMØsÅNÓSÇ%Ñv·±¹¾¸J¤.º\¸M·±¹#ÕSÑ ¤.¸M¶¼ëM·±¹¯ÞM·¸iÐ0Ç¼·Rü
ì
Í:ØqÅNÓSÇ#¶±·Ñ\Ñv·±¹gÖS·©Øq·Ð0º\Ð¼·±¹%Ô¦¤N¹¹¼·±¹Ì¸MÅN¸ê)Ç¼·Ñ ¤.Ð0º\ßºv¹¼Ð¼·±¹Ú%·Ð

ì
ÍÜØqÅNÓSÇ¶±·Ñ\Ñv·±¹ÖS·
Û
Ç¤.¸MÖS·±¹#Ô¦¤N¹¼¹·±¹ÌÓSÑ\Ð0Ç¤Yê)Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·¯Ú
à
·Åôhº ó9¿jô.ò
ñ
Co»

ôﬀz8óZö6º	ô\ÒEC»´óZò²¿zô

ôﬀz8ó F;ó³õÓ;ô-»JF;º ôﬀ8óiö*Ó;ôº
³A¸÷¶±ÅN¸M¹0ºvÖS»Ç¤.¸iÐﬂÓS¸M·³Öºv¹0Ð0Ç0º\ÕSÓSÐ0ºvÅN¸F¹0ØSëM»Ç0ºvÒiÓM·³ÖS·èÔ¦¤.Ð0º@Ç¼·ÖS·³ÖS·¸M¹0º\Ð¼»P½øÞÏÑ ¤Ô¦¤N¹¹¼·¦Ê ¶±ÅN¸iÐ¼·¸ÓM·ò
Ñ)× º\¸Ð¼»Ç0ºv·ÓSÇÙÖX× ÓS¸aÇ¤êCÅN¸Ýùﬂ·±¹0Ð#ÖSÅN¸S¸M»±·¥ØJ¤.Ç
Êª³ùdµ· ú
 û
ù½\CäXù
Ò
Ì~Í
à
ÍCÚ
·Ðg¹¤:ØSÇ¼·±¹¼¹0ºvÅN¸
ñ
ÞJò:Ñ)×Æ»±ÒÓSº\Ñ\º\ÕSÇ¼·¥ë2êÖÇ¼Å'¹0Ð¤.Ð0ºvÒÓM·'ÞJ·±¹0Ð#ÖSÅN¸S¸M»±·ØJ¤.Ç
û
ñ
û
ù
·Þá
©¾Êª³ùﬀµ½
ù
Ò
Ì~Í
à
Ú
å0ütý¥þ
ªy­Yß
¨
QSQ Yª
f
­
ý
ªªßÇR
¨
ß	
ý
 ¯­

¨

ý
 \[ ­
ý
ª
ý
¨

ý
ªZp.®
¨
ý
Q.ªHª
ý
T­
þ.þ

¨
ý
ß±­\[ ª²®°®¬ª
¨

ýYý
ªß)ªy®­
ý
Q
þ

ý

c
ý
"Q
ýYý
¨
	
¨
ý
ß
ý
è.­Xt
"]
¨
 ﬀ	ß
¨
ý
Qyªﬂﬁ¥ª²ß
¨
ß)ªSR
þ

¨
ß)­ﬃ)ªªu_CªSQóß eª!Snvo#"%$'&(ﬁ*)ﬀ+ ,.-/0!1
nvoﬀ2
]%/_²ß
¨
ý
ß>®
¨
Q
ý
ß
¨
ý
ß)ª
 YªZyß)ªðW
¨
ý

ì
R%ªT­ﬀ*²ª 
¨
ý
X®¬ªﬂ

ßrluR%ªGp
ý
¨
)ª43,zvQ²ª
f
®
¨
ß	ÇlSR%ªA®	5 ¯ª(YAª
þ
®°ª6
?G=s÷a­»ŁZó\8ò8ó®FKó­¹(ÓÒ*
ñ
¸£óò8ó9¿s¿jô
ñ
º	ó µ87
Å%0 ©ø·±¹0Ð%Ñ ¤Ü¶±ÅN¸M¹¼Ð¤.¸iÐ¼·ÖS·©Ñ ¤
Û
Ç¤±ßº\Ð¤.Ð0ºvÅN¸
à
³A¸a¶±ÅNÔÕSº\¸J¤.¸iÐ©¶±·±¹#ÖS·Óïﬂ»±ÒiÓJ¤.Ð0ºvÅN¸M¹Ù¤±ßC·±¶¥Ñ)×Æ»±ÒÓJ¤.Ð0ºvÅN¸ðÖX×Æ»Ð¤.Ð«
ñ
·:9C½
ô
Ì~Í
à
üCÚ
ÅN¸³ÅNÕSÐ0ºv·¸iÐ¥ÓS¸M·:»±ÒiÓJ¤.Ð0ºvÅN¸ÖºæãX»Ç¼·¸iÐ0ºv·Ñ\Ñv·ÜÖS·ÐêØq·
á
¤.¸M·eê³AÔÝÖS·¸7ÞXÒÓSºt¹¯× º\¸iÐ
Û
Ç¼·:¸iÓSÔÝ»Ç0ºvÒÓM·ÔÝ·¸iÐ·ÐÙØs·Ç0ÔÝ·Ð
ÖX×ÆÅNÕSÐ¼·¸Sº\ÇÑ)×Æ·eïØSÇ¼·±¹¼¹0ºvÅN¸ÖS·:Ñ ¤PÔ¦¤N¹¼¹¼·:Ð¼ÅNÐ¤.Ñv· £ ÖS·Ñ ¤Í¸J¤.º\¸M·ÕSÑ ¤.¸M¶ëM·'Þ7·¸¨¥ÅN¸M¶Ð0ºvÅN¸ÂÖS·¹¤PÖS·¸M¹0º\Ð¼»Ü¶±·¸Ð0Ç¤.Ñv·
½<;©ÅNÓLÖS·¹¼ÅN¸ﬂÇ¤êCÅN¸ ¤ 
£
é
½
Ð
å
Òﬃ=
ô
Ñ
àå
Ðﬃ>
;
Ì~Í
à	?
Ú
£
é
¤
ÐA@B
1C T
@B0D
Ì~Í
à
'Ú
ætÅNÓSÇÑv·±¹%¸J¤.º\¸M·±¹ÕSÑ ¤.¸M¶¼ëM·±¹ÖS·P¥T¤.º\ÕSÑv·¥ÖS·¸M¹0º\Ð¼»ÍÌ FE ü
ì
ÍCÚeÞMÅN¸è¤ﬂÌGëJ¤.ØSº\Ç¼Å±È $ ·Ó

ÅNÑv¹

êeÊ8Ë5Ì5ÍCÚ'
£ ·Þß IH­
½ ;
ÝZß
¿
Û
.Ô
Ñ
Ð
ýTå
Ò É 
ß@
Ñ
äå
Ò
ÓeÔ
·Þß&ZßZÝ5Ý
¤
Ý5ß
à

Ô
Ñ
Ð
É 
ß
Ñ
ä
Ó§Ô
Ì~Í
à
ÌCÚ
ætÅNÓSÇÑv·±¹%¸J¤.º\¸M·±¹ÕSÑ ¤.¸M¶¼ëM·±¹ÖS·ëJ¤.ÓSÐ¼·ÖS·¸M¹0º\Ð¼»¦Ì FE	
ì
ÍCÚeÞMÅN¸a¤¸
£ ·¹£
;J
·ÞÝ E&
É

ß@
Ò
ÓeÔ
Ì~Í
à
ËCÚ
ªÏÅNÔÜØSÐ¼·Ð¼·¸ÓðÖS·¦Ì~Í
à
'ÚeÞO¹0ºd4·¶¨SÞMÑ ¤Üß'¤.Ñv·ÓSÇÖS·«£ ¸M·ÖS»Øq·¸MÖaØJ¤N¹ÖS·«¤ Sº\Ñ<¸7×Æ·±¹0Ð#ØJ¤N¹#ØsÅ'¹¼¹0º\ÕSÑv·ÖX×¬¤±ßCÅNº\Ç
ÓS¸M·Öº\ßC·Ç¼¹0º\Ð¼»ÖS·Ô¦¤N¹¹¼··¸èß'¤.Ç0º ¤.¸iÐ¥Ñv·Ç¤êCÅN¸ÖS·±¹©ÅNÕ.íy·Ð¼¹
àsá
×Æ»±ÒÓSº\Ñ\º\ÕSÇ¼·:¸7×Æ·±¹0ÐÙØqÅ'¹¼¹¼º\ÕSÑv·ÒÓM·ØsÅNÓSÇ©ÓS¸M·¹·ÓSÑv·
Ô¦¤N¹¼¹¼·
à
!©¤.¸M¹ÝÑv·L¶¤N¹ÝÖS·±¹Ý¸J¤.º\¸M·±¹¦ÕSÑ ¤.¸M¶¼ëM·±¹ÞHÑ)×Æ»±ÒiÓJ¤.Ð0ºvÅN¸ ÖX×Æ»Ð¤.Ð¦Ð¼·¸MÖ ¹¼·ÓSÑv·ÔÝ·¸ÐP¤N¹"êÔÜØSÐ¼ÅNÐ0ºvÒÓM·ÔÝ·¸iÐ¦ßC·Ç¼¹
4·¶¨ÞO¶'×Æ·±¹0Ð#ØsÅNÓSÇ¶±·Ñ ¤ÜÒÓ7× ÓS¸M·Öº\ßC·Ç¼¹0º\Ð¼»ÖS·¥Ô¦¤N¹¼¹¼··eïºv¹0Ð¼·
à
Ó
¤.ºv¹gò:Ð0Ç±¹ëJ¤.ÓSÐ¼·ÖS·¸M¹0º\Ð¼»'Þa[ E¨¦·Ð#ÓS¸M·
¹¼·ÓSÑv·©Ô¦¤N¹¼¹··±¹0Ð%ØsÅ'¹¼¹0º\ÕSÑv·'ÞSÖSÅN¸S¸M»±·¥ØJ¤.ÇÌ~Í
à
ËCÚ%·Ð¤.ØSØq·Ñv»±·°,Ô¦¤N¹¼¹¼·¥ÖS·Vª¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.Ç'.
à
ï
·Ô¦¤.Ç¼ÒiÓMÅN¸M¹ÄÒÓM·a¹0ºÙ·¸ Ð0ëM»±ÅNÇ0ºv·è¸M·­¬%Ð¼ÅN¸Sºv·¸S¸M·èÑ ¤ÂÔ¦¤N¹¹¼·aÖS·eª¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.ÇÄ·±¹¼Ð¦ÓS¸M·ðÔ¦¤N¹¼¹¼·ðÑ\º\ÔÜº\Ð¼·
ÅNÕSÐ¼·¸iÓM·ÂÑvÅNÇ¼¹¼ÒiÓM·P½ß K Ì·Ð  ß ¶¨iÚeÞ#·¸÷Ç¼·ßN¤.¸M¶ëM·³ÑvÅNÇ¼¹¼ÒÓM·³Ñ)×ÆÅN¸WØSÇ¼·¸MÖ÷·¸¶±ÅNÔÜØSÐ¼·³Ñv·±¹ﬂ·GãX·Ð¼¹ﬂÖS·
Ñ ¤èÇ¼·Ñ ¤.Ð0º\ßº\Ð¼»
Û
»¸M»Ç¤.Ñv·'ÞAÑ ¤èÔ¦¤N¹¼¹¼·ÄÔ¦¤Yïº\Ô¦¤.Ñv·ﬂ·±¹0Ð¦¤.Ð0Ð¼·º\¸iÐ¼·LØqÅNÓSÇÜÓS¸M·Äß'¤.Ñv·ÓSÇb¤M¸Sºv·ﬂÖS·ÄÑ ¤³ÖS·¸M¹0º\Ð¼»ﬂ¶±·¸iÐ0Ç¤.Ñv·
Ì½<;g·¹
&Z8ÝZß
ý
Ð
Û
±Ô
Ñ
Ð
ÚHÒiÓSºs·±¹0Ð¡Ñv»
Û
Ç¼·ÔÝ·¸iÐ%º\¸.¥T»Ç0ºv·ÓSÇ¼·©òÑ ¤Ô¦¤N¹¼¹¼·g¸M·­¬%Ð¼ÅN¸Sºv·¸S¸M·ÙÖSÅN¸S¸M»±·ÙØJ¤.Ç¥Ì~Í
à
ËCÚÙÌßCÅNº\Ç
G¶¼ëJ¤.Ð0Z±Ô¦¤.¸§ÈæAÇ¤NÖS·Ç0ºv·±Ê8Ë5Ë5ÛÞM¶¼ëJ¤.ØSº\Ð0Ç¼·«MLNLLyÚ
à
45,675}4 GJIaIﬀOIﬀPRQJUWGJIL ÏB,DVXBSCGJI
T
ô-¸*B FÅA:ôﬀZºUZò
ñ
Co»
ëg¸¦ÖS»G¤M¸Sº\ÐHÑ ¤ÙÑ\ÓSÔÜº\¸MÅ'¹0º\Ð¼»#ÖX×¬¤N¶±¶Ç¼»Ð0ºvÅN¸WVYXZZH¶±ÅNÔÜÔÝ·#»Ð¤.¸ÐÑ)×Æ»¸M·Ç
Û
ºv·#¶º\¸M»Ð0ºvÒÓM·U[Z\Æ´i·¹©«£Êª¨¤
Û
¤
Û
¸M»±·
ØJ¤.ÇÑ ¤LÔ¦¤.Ð0º@Ç¼·Í¤N¶±¶Ç¼»Ð¼»±·ðÌTòL¹¤±ßCÅNº\ÇÑ ¤ÄØJ¤.Ç0Ð0ºv¶ÓSÑv·ÍÖS·ÝÔ¦¤N¹¼¹¼·¥Ê Ð¼ÅNÔÕJ¤.¸ÐÜ¹0ÓSÇÑv·Ý¶±ÅNÇ0ØM¹ÖS·ÜÔ¦¤N¹¼¹¼·£ ·ÐÖS·
Ç¤êCÅN¸ ¤Ú¡ØJ¤.Ç%ÓS¸Sº\Ð¼»ÖS·¥Ð¼·ÔÜØM¹
à
VXZZÅ·
©«£ ]Ê
¤
Ì~Í
à
Ê8ÛCÚ
Å%0^]Ê ·±¹0Ð%Ñv·©Ð¤.ÓïLÖX×¬¤N¶±¶Ç¼»Ð0ºvÅN¸
à
Ó
¤.ºv¹ÜÑ ¤èÑ\ÓSÔÜº\¸MÅ'¹0º\Ð¼»LÖX× ÓS¸ØSÇ¼Å¶±·±¹¼¹¼ÓM¹ÝÖX×¬¤N¶±¶Ç¼»Ð0ºvÅN¸¸M·ÄØs·ÓSÐﬂÐ0Ç¼·a¤.Ç0ÕSº\Ð0Ç¤.º\Ç¼·ÔÝ·¸iÐ
Û
Ç¤.¸MÖS·'ÞAÑ ¤èØSÇ¼·±¹¼¹¼ºvÅN¸
ÖS·ÄÇ¤NÖº ¤.Ð0ºvÅN¸ ÖÓ Ç¤êCÅN¸S¸M·ÔÝ·¸ÐÍ»Ñv·±¶Ð0Ç¼ÅNÔ¦¤
Û
¸M»Ð0ºvÒÓM·a»ÔÜºv¹R¤M¸Sº\ÐÜØJ¤.ÇÝ¶±ÅNÔÜØs·¸M¹¼·ÇÝ·¸iÐ0º@Ç¼·ÔÝ·¸Ð¦Ñ ¤O¥TÅNÇ¼¶±·ÄÖS·
Û
Ç¤±ßº\Ð¤.Ð0ºvÅN¸ÒÓSº©¹¯×Æ·eï·Ç¼¶±·³¹0ÓSÇPÑ ¤	Ô¦¤.Ð0º@Ç¼·Â¤N¶±¶Ç¼»Ð¼»±·
à%á
·èÐ¤.ÓïWÖX×¬¤N¶±¶Ç¼»Ð0ºvÅN¸ ¤.Ð0Ð¼·º\¸iÐè¤.ÑvÅNÇ¼¹P¹ÅN¸WÔ¦¤Yïº\ÔÓSÔ
¤.ØSØs·Ñv»°,Ð¤.ÓïLÖX×+³ÖSÖº\¸
Û
Ð¼ÅN¸ .
àMá
¤Ñ\ÓSÔÜº\¸MÅ'¹0º\Ð¼»¶±ÅNÇ0Ç¼·±¹0ØqÅN¸MÖM¤.¸Ð¼··±¹¼Ð%Ñ ¤I,Ñ\ÓSÔÜº\¸MÅ'¹0º\Ð¼»ÖX×+³ÖSÖº\¸
Û
Ð¼ÅN¸4. 
V_a``i·
CäZ©¾Êcb\»
d0e
\£ Ì~Í
à
Ê5Ê¯Ú
Å%0/©·±¹0ÐgÑ ¤Ä¶±ÅN¸M¹¼Ð¤.¸iÐ¼·ÜÖS·:Ñ ¤
Û
Ç¤±ßº\Ð¤.Ð0ºvÅN¸7ÞSÊcbÍÑ ¤ÍÔ¦¤N¹¼¹¼·ÖÓ³ØSÇ¼ÅNÐ¼ÅN¸7Þ*»Ñ ¤Íßº\Ð¼·±¹¼¹·:ÖS·:Ñ ¤ÍÑ\ÓSÔÜº@Ç¼·Ü·Ð
d0e
Ñ ¤
¹¼·±¶Ð0ºvÅN¸a·^;¦¶¤N¶±·ÖS·ÖºæãqÓM¹¼ºvÅN¸
$
ëMÅNÔÝ¹¼ÅN¸
à
?o¶ ·Åó\ﬂJ¸;¹(ó9º »JC?¼5f òﬁÓ;ó2º

C»`¸Ð2¿gU9ô
ñ
º ó\ŁÀÁÂYóNÃﬁô
á
·©Ð¤.ÓïLÖX×¬¤N¶±¶Ç¼»Ð0ºvÅN¸ðÖX×+³ÖSÖº\¸
Û
Ð¼ÅN¸è·±¹0Ð#ÅNÕSÐ¼·¸iÓè·¸a»
Û
¤.Ñ ¤.¸iÐÌ~Í
à
Ê8ÛCÚ¾·ÐÌ~Í
à
Ê5Ê¯Úi
]Ê _a`h` ·
'äXÊib»
d0e
\¤ Ì~Í
à
Ê8ûCÚ
éØSØSÑ\ºvÒÓMÅN¸M¹A¶±·Ñ ¤©ògÓS¸M·¾¸J¤.º\¸M·¡ÕSÑ ¤.¸M¶ëM·
àCá
·ÏÇ¤êCÅN¸Í·±¹0ÐAÖSÅN¸S¸M»¡ØJ¤.ÇÌ~Í
à
ÌCÚeÞN¹¼ÅNº\ÐÞN·¸ÜÇ¼·ØsÅNÇ0Ð¤.¸iÐÖM¤.¸M¹#Ì~Í
à
Ê8ûCÚ
]Ê
 kj
_a`h`
·ÞÝ5ÝZß
Ñ
ä
ÉL
ß
Ñ
ä¼å
Ð
£
Ý £
Ô
Ñ
ýTå
Ð
Ó Ô
 êÇ
Ñ
ý
Ì~Í
à
Ê8ÍCÚ
1mln Ł 7bÀ¿Po&T Rú¢ﬁ3*65i7b¢¡[ﬃ6¡[×
4A5}5,6 o³KMVX¢<PCB);<D¡IﬂDt?¡¢S=)KMVXBSCGJIﬂGJDU B,=óB)GJ?FEK8p<KJDK8SiK
ªÏÅN¸M¹0ºvÖS»Ç¼ÅN¸M¹ÓS¸M·ÍßN¤.Ç0º ¤.Ð0ºvÅN¸RØsÅ'¹0º\Ð0º\ßC·Wqr	ÖÓRÐ¤.Óï	ÖS·ÍØSÇ¼ÅÖÓM¶Ð0ºvÅN¸ ÖX×Æ»¸M·Ç
Û
ºv·Ä¸ÓM¶Ñv»¤.º\Ç¼·ﬂÖM¤.¸M¹Ñv·P¶å©ÓSÇ
ÖS»
Û
»¸M»Ç¼»
à
Gº<Ñ)×Æ»Ð¼ÅNº\Ñv·:·±¹0Ð¶¤.ØJ¤.ÕSÑv·:ÖS·ÖS»±¶Ç¼Å.]vÐ0Ç¼·:¹¼ÅN¸LÐ¤.ÓïaÖS·ØSÇ¼ÅÖÓM¶Ð0ºvÅN¸èÖX×Æ»¸M·Ç
Û
ºv·ÖS·a¥T¤%±ÅN¸³ò¦¤.¸S¸ÓSÑv·ÇgÑv·
¹¼ÓSÇ0ØSÑ\ÓM¹mqrqÞ7¤.ÑvÅNÇ¼¹©Ñv·±¹©Ç¼»¤N¶Ð0ºvÅN¸M¹¥Ð0ëM·Ç0ÔÝÅN¸iÓM¶Ñv»¤.º\Ç¼·±¹:¹¼ÅN¸Ð©¹¼Ð¤.ÕSÑv·±¹
à
!¥¤.¸M¹©Ñv·:¶¤N¹¥¶±ÅN¸Ð0Ç¤.º\Ç¼·'ÞXÑv·±¹©Ç¼»¤N¶Ð0ºvÅN¸M¹·¸
¶ëJ¤Y]v¸M·ßCÅN¸Ðg·¸iÐ0Ç¤Y]v¸M·ÇgÓS¸M·¤.Ó
Û
ÔÝ·¸iÐ¤.Ð0ºvÅN¸èÇ¤.ØSºvÖS·ÖS·©Ñ ¤ØSÇ¼ÅÖÓM¶Ð0ºvÅN¸aÖX×Æ»¸M·Ç
Û
ºv·
à
·Åô/C»Ð8ó9ºJ¼ô.ò
ñ
Co»¥FKóO¿ðAsU9»;ó2º ¾
ñ
óYòﬁÓ;ó2º
Dñ
¸£ó
GÅNºv·¸iÐtr Ñv·ðÐ¤.Óï ÖS·èØSÇ¼ÅÖÓM¶Ð0ºvÅN¸ ÖX×Æ»¸M·Ç
Û
ºv·èÐ0ëM·Ç0ÔÜºvÒÓM·è¸iÓM¶Ñv»¤.º\Ç¼·³ØJ¤.ÇÄÓS¸Sº\Ð¼»ðÖS·èÔ¦¤N¹¼¹·'Þ¡·ÐuVZ³ùﬀµ¦Ñ ¤
ØSÓSºv¹¹¤.¸M¶±·¸M·Ð0Ð¼·ÒiÓSº<¹ÅNÇ0ÐgÖS·¥Ñ ¤¦¹0ØSëdÇ¼·ÖS·Ç¤8êCÅN¸¦ùL¹¼ÅNÓM¹[¥ÅNÇ0ÔÝ·ÖX×Æ»¸M·Ç
Û
ºv·Ð0ëM·Ç0ÔÜºvÒÓM·
à
æ¤.ÇÙ¤.º\Ñ\Ñv·ÓSÇ¼¹¯ÞMÑ)×Æ»ßCÅ.ê
Ñ\ÓSÐ0ºvÅN¸ﬂÔ¦¤N¶Ç¼Å'¹¶±ÅNØSºvÒiÓM·¥ÖS·gÑ)×Æ»Ð¼ÅNº\Ñv·¥¶±ÅNÇ0Ç¼·±¹0ØsÅN¸MÖÄòÓS¸ﬂ»±¶¤.Ç0Ð#òÑ)×Æ»±ÒÓSº\Ñ\º\ÕSÇ¼·ÙÐ0ëM·Ç0ÔÜºvÒiÓM·¥ÒÓSºs¹¼·Ð0Ç¤NÖÓSº\Ð%ØJ¤.ÇÏÓS¸M·
¶±ÅN¸Ð0Ç¤N¶Ð0ºvÅN¸aÅNÓPÓS¸M·gÖº\Ñ ¤.Ð¤.Ð0ºvÅN¸ﬂÒÓJ¤N¹0º~ê,¹0Ð¤.Ð0ºvÒÓM·ÙÖS·gÑ)×Æ»Ð¼ÅNº\Ñv·'ÞÑ ¤ÒÓJ¤.¸iÐ0º\Ð¼»©ÖS·Ù¶¼ëJ¤.Ñv·ÓSÇwv
Û
¤
Û
¸M»±·ÙØJ¤.Ç¡ÓS¸Sº\Ð¼»©ÖS·
Ô¦¤N¹¹¼··Ð#ÖS·¥Ð¼·ÔÜØM¹x©·±¹0Ð
]
v ·çì 
]
y
Ì~Í
à
Ê­Ú
Å%0
y
·±¹0ÐÍÑ)×Æ·¸Ð0Ç¼ÅNØSºv·³ØJ¤.ÇÍÓS¸Sº\Ð¼»³ÖS·ðÔ¦¤N¹¼¹¼·'ÞÏ·Ðì Ñ ¤	Ð¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼· ÌÅN¸W¸MÅNÐ¼·
]
z ·
û
z ¨
û
xaØsÅNÓSÇﬂ¤.Ñ\Ñv»
Û
·Ç
Ñ)×Æ»±¶Ç0º\Ð0ÓSÇ¼·¯Ú
à
ªÏ·±¶º<¶±ÅNÇ0Ç¼·±¹0ØsÅN¸MÖaòÓS¸M·©Øs·Ç0Ð¼·¥ØsÅNÓSÇ%Ñ)×¬¤.Ñ\º\ÔÝ·¸iÐ¤.Ð0ºvÅN¸³ÖÓÊÔMÓïP¸M·ÐÞJÒiÓSº7¹×Æ»±¶Ç0º\ÐÙ¤.ÑvÅNÇ¼¹«
û
VZ³ùdµ
û
Êª³ùdµ
·{r&á³ì¥
]
y
Ì~Í
à
Ê8üCÚ
Êª³ùﬀµ#»Ð¤.¸iÐÑ ¤Ô¦¤N¹¼¹¼·¥¶±ÅN¸Ð¼·¸iÓM·ÖM¤.¸M¹Ñ ¤¹0ØSëdÇ¼·ÖS·¥Ç¤8êCÅN¸Ýù
à
á
×Æ·¸iÐ0Ç¼ÅNØSºv·»Ð¤.¸iÐgÓS¸M·¥Öºæãs»Ç¼·¸Ð0ºv·Ñ\Ñv·Ð¼ÅNÐ¤.Ñv·'ÞMÅN¸è¤:Ñ ¤:Ç¼·Ñ ¤.Ð0ºvÅN¸´
û
y
· |
y
|
ì }
û
ì¥ |
y
|
ñ
e
û
ñ
ÅNÓa·¸M¶±ÅNÇ¼·
]
y
· |
y
|
ì }
]
ì¥ |
y
|
ñ
e
]
ñ
Ì~Í
à
Ê
?
Ú
æ¤.ÇÙ¤.º\Ñ\Ñv·ÓSÇ¼¹¯ÞMÅN¸ﬂØq·ÓSÐg»±¶Ç0º\Ç¼·¥Ñ)×Æ»±ÒiÓJ¤.Ð0ºvÅN¸ðÖX×Æ»Ð¤.Ðg¹¼ÅNÓM¹¾Ñ ¤R¥TÅNÇ0ÔÝ·
Û
»¸M»Ç¤.Ñv·ﬂ
û
ñ
ñ
·{~
e

û
ì
ì
~
û
½
½
ÅNÓa·¸M¶±ÅNÇ¼·
]
ñ
ñ
·'~
e

]
ì
ì
~
]½
½
Ì~Í
à
Êﬁ'Ú
¤ßC·±¶w~
e
·Ð~ÞSÑv·±¹#¶±ÅNÔÜØSÇ¼·±¹¹0º\ÕSº\Ñ\º\Ð¼»±¹gòßCÅNÑ\ÓSÔÝ·¶±ÅN¸M¹0Ð¤.¸iÐÙ·Ð%Ð¼·ÔÜØq»Ç¤.Ð0ÓSÇ¼·¶±ÅN¸M¹0Ð¤.¸iÐ¼·'ÞJÇ¼·±¹0Øq·±¶Ð0º\ßC·ÔÝ·¸Ð
à
ªÏÅNÔÜØSÐ¼·³Ð¼·¸iÓ ÖS·±¹ÄÇ¼·Ñ ¤.Ð0ºvÅN¸M¹ð¹0ÓSº\ß'¤.¸iÐ¼·±¹L·¸Ð0Ç¼·Ñv·±¹
Û
Ç¤.¸MÖS·ÓSÇ¼¹LÐ0ëM·Ç0ÔÝÅÖ.ê¸J¤.ÔÜºvÒÓM·±¹ÌÑ)×Æ·¸Ð0Ç¼ÅNØSºv·
y
Þ¾Ñ ¤
Ð¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·#ìÍÞÑ ¤ØSÇ¼·±¹¼¹0ºvÅN¸
ñ
ÞÑ ¤ÜÖS·¸M¹0º\Ð¼»#½>ÞÑ ¤Ü¶¤.ØJ¤N¶º\Ð¼»¶¤.ÑvÅNÇ0ºæ¤JÒÓM·ò:ØSÇ¼·±¹¹0ºvÅN¸L¶±ÅN¸M¹0Ð¤.¸iÐ¼·N»bCÚ'
|
y
|
ì }
·
»b
ì
Ì~Í
à
Ê8ÌCÚ
|
y
|
ñ
e
·
Ý
½
Ò

|
½
|
ì }
· á
Ý
½iì
~
e
~

Ì~Í
à
Ê8ËCÚ
?G=fµe·Åôh¹(ÓÒ*
ñ
¸£óIFKóN¿ðA:óB¹A¿ÑC¶
ñ
Co» ?`÷
Ñ)×Æ»±ÒÓJ¤.Ð0ºvÅN¸	Ì~Í
à
Ê8üCÚ%ÖS·ßºv·¸iÐ«
û
VZ³ùdµ
û
Êª³ùﬀµ
·{r&á »b
]
ì¥
Ý
½
~
e
~ 

]
ñ
Ì~Í
à
û5ÛCÚ

B¹;ô-»J
ñ
Co»äCo¸ \Co»ò8º ôﬀ5ò
ñ
Co» ÓÐC

Co¿ÑCo¾o¸;ó
ªÏÅN¸M¹0ºvÖS»Ç¼ÅN¸M¹Ñ)×Æ·eïØJ¤.¸M¹¼ºvÅN¸ ÌÅNÓÑ ¤Ä¶±ÅN¸iÐ0Ç¤N¶Ð0ºvÅN¸OÚëMÅNÔÝÅNÑvÅ
Û
ÓM·ÝÖX× ÓS¸M·Ý¶±ÅÒiÓSº\Ñ\Ñv·Ü¹¼ØSëM»Ç0ºvÒiÓM·ÜÖS·ÜÇ¤8êCÅN¸Lù Ì·Ð
¶±ÅN¸iÐ¼·¸J¤.¸Ð#Ñ ¤Ô¦¤N¹¼¹¼·¡Ê	ÚÖM¤.¸M¹¾¶±·©¶¤N¹ÞÑ ¤ßº\Ð¼·±¹¼¹¼·ÙÖS·ÙÑ ¤¶±ÅÒÓSº\Ñ\Ñv·]ùP·±¹0ÐÏØSÇ¼ÅNØqÅNÇ0Ð0ºvÅN¸S¸M·Ñ\Ñv·òùXÞ¤±ßC·±¶©Ñ ¤ÔﬂÔÝ·
¶±ÅN¸M¹0Ð¤.¸Ð¼·ÖS·©ØSÇ¼ÅNØsÅNÇ0Ð0ºvÅN¸S¸J¤.Ñ\º\Ð¼»ØsÅNÓSÇ#Ð¼ÅNÓSÐ¼·±¹%Ñv·±¹g¶±ÅÒÓSº\Ñ\Ñv·±¹¤.ÓL¹¼·º\¸aÖS·©Ñ)×Æ»Ð¼ÅNº\Ñv·
à
ëg¸LØs·ÓSÐ#·eïØSÇ0º\ÔÝ·Ç¶±·Ñ ¤ÝÖS·
Ñ ¤T¥)¤%±ÅN¸a¹0ÓSº\ß'¤.¸iÐ¼·ﬂ
|
|
Ê
|
 
ù
|
x
·Þß Ì~Í
à
û.Ê¯Ú
·ÐÞM·¸L¶ëJ¤.¸
Û
·¤.¸iÐÙÑ)×ÆÅNÇ¼ÖÇ¼·ÖS·±¹ÖS»Ç0º\ßC»±·±¹
|
|
x
Ý
ù
|
ù
|
Ê
·|
|
x
Ý
CäXù
Ð
½
·
Ý
CäXù
Ð
½
ái
]ù
ù
á
]½
½
· ß Ì~Í
à
û5ûCÚ
¹¼ÅNº\Ð
]½
½
·Þá
]ù
ù
Ì~Í
à
û5ÍCÚ

ØJ¤.Ç0Ð0º\ÇÖS·¥Ñ)×Æ»±ÒÓJ¤.Ð0ºvÅN¸aÖS·¥Ñ)×Æ»±ÒÓSº\Ñ\º\ÕSÇ¼·¥ë2êÖÇ¼Å'¹0Ð¤.Ð0ºvÒÓM·'ÞMÑ ¤:ØSÇ¼·±¹¼¹0ºvÅN¸ð¹×Æ·eïØSÇ0º\ÔÝ·¥¹·ÑvÅN¸ª
ñ
· 
 
á©%ÊcŁ
Cäsù
à
³Ê
Ł
µ
û
Ê
Ł
Ì~Í
à
ûÚ
ÒÓSº7ÖSÅN¸S¸M·ﬂ
]
ñ
·

 
|
|
x
Ý
ù
à
á©%Ê
Ł
'ä
û
Ê
Ł
·Þá§
]ù
ù

 
á©%Ê
Ł
CäXù
à
û
Ê
Ł
Ì~Í
à
û5üCÚ
¶¤.Çi]ù<¨ùÄ·±¹¼Ð#¶±ÅN¸M¹0Ð¤.¸iÐ©ò:Ð0Ç¤±ßC·Ç¼¹gÐ¼ÅNÓSÐ¼·¥Ñ)×Æ»Ð¼ÅNº\Ñv·
à
ªÏ·ÒÓSº7ÖSÅN¸S¸M·ﬂ
]
ñ
ñ
·Þá§
]ù
ù
Ì~Í
à
û
?
Ú
³A¸a¶±ÅNÔÕSº\¸J¤.¸iÐÜÌ~Í
à
û5ÍCÚ¾·ÐÌ~Í
à
û
?
Ú#¤ßC·±¶¦Ì~Í
à
Êﬁ'ÚeÞMÅN¸aÅNÕSÐ0ºv·¸Ð
]
ñ
ñ
·
R~
e
Vá h~


]
ì
ì
Ì~Í
à
û'Ú

óZòﬂFÅA$¸;»;ó­¹(ó9ºJòJ¸;º	ÆKô.ò
ñ
Co»
ï
·ØSÇ¼·¸MÅN¸M¹%¸MÅNÐ0Ç¼·¹0ÓSÇ0ØSÇ¼ÅÖÓM¶Ð0ºvÅN¸qrPÖX×Æ»¸M·Ç
Û
ºv·Ð0ëM·Ç0ÔÜºvÒÓM·
à
ªÏ·Ñ\Ñv·eê,¶º7¹¼·©Ç¼»Øs·Ç¼¶ÓSÐ¼·¹0ÓSÇ¾Ñv·±¹¤.ÓSÐ0Ç¼·±¹
Û
Ç¤.¸ê
ÖS·ÓSÇ¼¹ÖS·©Ñ ¤b¥T¤%±ÅN¸L¹0ÓSº\ß'¤.¸iÐ¼·
ì ·RìÅqì ½¸·ç½5Åq½
ñ
·
ñ
§Fq
ñ
 Vª·:VﬂFqVrb·{r§qru ù ·RùﬀÅqù
ëg¸a¹0ÓSØSØsÅ'¹¼·¥ÒÓM·©Ñv·¥¶å©ÓSÇ»Ð¤.º\ÐgòÑ)×Æ»±ÒÓSº\Ñ\º\ÕSÇ¼·¤ßN¤.¸ÐÑ ¤:Øs·Ç0Ð0ÓSÇ0ÕJ¤.Ð0ºvÅN¸´
]
ì'·
]
ñ
'· ]½5·]ùﬀ'· ß
à
ªÏÅNÔÜÔÝ·ÏÑ ¤%Øs·Ç0Ð0ÓSÇ0ÕJ¤.Ð0ºvÅN¸¦¤%Ñ\ºv·ÓÖM¤.¸M¹tÓS¸º\¸Ð¼·Ç0ßN¤.Ñ\Ñv·¾ÖS·¡Ð¼·ÔÜØM¹<Ð0Ç±¹¶±ÅNÓSÇ0ÐÞYÑv·¡¶ëJ¤.¸
Û
·ÔÝ·¸iÐHÖS·HØSÇ¼ÅÖÓM¶Ð0ºvÅN¸
ÖX×Æ»¸M·Ç
Û
ºv·¸7×¬¤:ØJ¤N¹Ñv·©Ð¼·ÔÜØM¹ÖX×`Ð0Ç¼·»ß'¤N¶ÓM»·ÐqV-·Þß
à
?µ ·Åó\ﬂJ¸;¹(ó9º »JC?¼5f òﬁÓ;ó2º

C»`¸Ð2¿gU9ô
ñ
º ó\ŁÀÁÂYóNÃﬁô
á
×Æ»±ÒÓJ¤.Ð0ºvÅN¸	Ì~Í
à
û5ÛCÚ¾ÖS·ßºv·¸iÐÙ¤.º\¸M¹¼º
qr·¹» b 
]
qì á
Ý
½<
~
e
~ 

]
q
ñ
·» b 
]
qì  Ý[á
ñ

»be½5ì
~
e
~ 

]
q
ñ
¨
ñ

]
qìb¨eì 
Ì~Í
à
û5ÌCÚ
Ð¤.¸MÖºv¹gÒiÓM·ÝÌ~Í
à
û'Ú#ÖSÅN¸S¸M·ﬂ
]
q
ñ
ñ

·
.~
e
Rá ~ 

]
qì
ì
Ì~Í
à
û5ËCÚ
³¸LØqÅNÇ0Ð¤.¸Ðg¶±·±¶º7ÖM¤.¸M¹:Ì~Í
à
û5ÌCÚeÞMÅN¸aÅNÕSÐ0ºv·¸iÐN
qrﬂ·»bg Ý[á
ñ

»be½5¼ì
~
Ò
e
~ 


Rá ~ 

]
qì ·¹»h(
]
qì Ì~Í
à
Í5ÛCÚ
Å%0®»

Ç¼·ØSÇ¼»±¹·¸iÐ¼·Ñ ¤¶ëJ¤.Ñv·ÓSÇg¹0Øs»±¶ºæ¤JÒÓM·
Û
Ç¤±ßº\Ð¤.Ð0ºvÅN¸S¸M·Ñ\Ñv·ØJ¤.Ç#ÓS¸Sº\Ð¼»ÖS·¥Ô¦¤N¹¼¹¼·
à

¸;ô-»ÐF ¿jó.N¸;º0ó"ò±¸K»´¾ﬃôSŁN¹;ôºô
ñ
ò_»JCo» FU2¾IU9»U2ºU
á
×Æ»±ÒÓJ¤.Ð0ºvÅN¸ÖX×Æ»Ð¤.Ð·±¹0Ð
ñ
· ¤¾½iì¦Þ*¤ »Ð¤.¸ÐÑ ¤Ä¶±ÅN¸M¹0Ð¤.¸Ð¼·¦ÖS·±¹
Û
¤.ZÜØJ¤.Ç\¥)¤.º\Ð¼¹Þ7¹ÅNº\Ðw~
e
·úÝL·Ðw~

· Ý
à
á
¤Ü¶¤.ØJ¤N¶º\Ð¼»¶¤.ÑvÅNÇ0ºæ¤JÒÓM·ÖX× ÓS¸
Û
¤.ZÔÝÅN¸MÅC¤.Ð¼ÅNÔÜºvÒÓM··±¹0ÐU»bi·
ä
Ò
¤)S·¸ﬂÇ¼·ÔÜØSÑ ¤%¤.¸iÐÙ¶±·±¹%ß'¤.Ñv·ÓSÇ¼¹#ÖM¤.¸M¹Ì~Í
à
Í5ÛCÚeÞ
¶±·Ñ ¤ÝÖSÅN¸S¸M·ﬂ
]
qì · á


¤
.qr Ì~Í
à
Í.Ê¯Ú
á
¤#¶¼ëJ¤.Ñv·ÓSÇt¹0Øs»±¶ºæ¤JÒiÓM·
Û
Ç¤ßº\Ð¤.Ð0ºvÅN¸S¸M·Ñ\Ñv·ÏÖÓ¹"ê¹0ÐÔÝ··±¹¼Ð<¤.ÑvÅNÇ¼¹7¸M»
Û
¤.Ð0º\ßC·}ØqÅNÓSÇ7ÓS¸M·H¹0ÓSÇ0ØSÇ¼ÅÖÓM¶Ð0ºvÅN¸ÖX×Æ»¸M·Ç
Û
ºv·
qr(ÞßÞÑ ¤Ð¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·ÙßN¤Öº\ÔÜº\¸iÓM·Ç
]
qì ß
àá
×Æ»Ð¼ÅNº\Ñv·gÇ¼»
Û
ÓSÑv·¥¤.º\¸M¹0ºqÑv·±¹¡Ç¼»¤N¶Ð0ºvÅN¸M¹¾Ð0ëM·Ç0ÔÝÅN¸iÓM¶Ñv»¤.º\Ç¼·±¹ÒÓSº)Þ
ÖS·P¥T¤.º\ÐÞS¹¼ÅN¸Ð¹0Ð¤.ÕSÑv·±¹
à

¸;ô-»ÐF ¿jó.N¸;º0ó"ò±¸K»´¾ﬃôSŁFU9¾ U9»U2ºU
á
×Æ»±ÒÓJ¤.Ð0ºvÅN¸PÖX×Æ»Ð¤.Ð¾·±¹0ÐHØsÅNÑ:êÐ0Ç¼ÅNØSºvÒiÓM·'Þ
ñ
é
½
ä¼å
Ð
ÖM¤.¸M¹¡Ñv·¶¤N¹¡¸MÅN¸ê)Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·'Þ¹¼ÅNº\Ð~
e
·Þß·Ðﬂ~

·¹¨
à
á
¤ÙßN¤.Ç0º ¤.Ð0ºvÅN¸ÝÖS·ÏÐ¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·#¶±ÅN¸M¹¼»±¶ÓSÐ0º\ßC·#ògÑ)×¬¤.Ó
Û
ÔÝ·¸iÐ¤.Ð0ºvÅN¸PÖS·¡Ñ ¤ÙØSÇ¼ÅÖÓM¶Ð0ºvÅN¸ÝÖX×Æ»¸M·Ç
Û
ºv·%·±¹0ÐAÖSÅN¸M¶%ÖSÅN¸S¸M»±·
ØJ¤.Ç
]
qì ·
qr
»b
Ì~Í
à
Í5ûCÚ
á
¤ð¶¤.ØJ¤N¶º\Ð¼»Ä¶¤.ÑvÅNÇ0ºæ¤JÒÓM·ﬂÖX× ÓS¸
Û
¤.ZPÖS·¸M·Ç0ÔÜº%ÖX×Æ»Ñv·±¶Ð0Ç¼ÅN¸M¹Ü»Ð¤.¸iÐÜØsÅ'¹0º\Ð0º\ßC·h¡'Þ
á
¤è¶¼ëJ¤.Ñv·ÓSÇÝ¹0Øs»±¶ºæ¤JÒiÓM·
Û
Ç¤±ßº~ê
Ð¤.Ð0ºvÅN¸S¸M·Ñ\Ñv·è·±¹0Ð¦¶±·Ð0Ð¼·­¥ÅNºv¹¦ØqÅ'¹¼º\Ð0º\ßC·ªAØSÑ\ÓM¹¦º\Ñ[ê ¤ÂÖX×Æ»¸M·Ç
Û
ºv·LØSÇ¼ÅÖÓSº\Ð¼·'ÞØSÑ\ÓM¹ÍÑ ¤³Ð¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·è¤.Ó
Û
ÔÝ·¸Ð¼·
à
ªÏÅNÔÜÔÝ·PÑv·ÍÐ¤.ÓïÖS·¦ØSÇ¼ÅÖÓM¶Ð0ºvÅN¸RÖX×Æ»¸M·Ç
Û
ºv·ÍÐ0ëM·Ç0ÔÝÅN¸ÓM¶Ñv»¤.º\Ç¼·L·±¹0Ð:ÖSÅN¸S¸M»¦ØJ¤.ÇMrDÜ ì¢ Ì·±¹0Ð:ÓS¸¸MÅNÔÕSÇ¼·
ØsÅ'¹0º\Ð0ºæ¥Ç¼·Ñ ¤.Ð0º\ßC·ÔÝ·¸iÐ
Û
Ç¤.¸MÖJÚeÞSÑv·±¹%Ç¼»¤N¶Ð0ºvÅN¸M¹Ù¹×Æ·ÔÕJ¤.Ñ\Ñv·¸ÐÞMÑv·±¹Ç¼»¤N¶Ð0ºvÅN¸M¹ÖS·W¥ÓM¹0ºvÅN¸L¹¼ÅN¸iÐgÖSÅN¸M¶¥º\¸M¹0Ð¤.ÕSÑv·±¹
à
4A5}5} #£}£ﬂOEYSC;AEODVXU B¤?G
À
U0¥Kô¾oº	ô.ò
ñ
C»ùó2òFU2òzCo»;ô.ò
ñ
Co»
ªÏÅNÔÜØSÐ¼·Ð¼·¸ÓèÖS·Ñ ¤Ð0Ç±¹[¥TÅNÇ0Ð¼·ÖS»Øs·¸MÖM¤.¸M¶±·:·¸aÐ¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·ÖÓLÐ¤.ÓïaÖS·Ç¼»¤N¶Ð0ºvÅN¸ð¸ÓM¶Ñv»¤.º\Ç¼·PÌ~ÜìRý
Ò
Ú
òLì Ü ÝZß5ý
 
ÉÜÞAÑ ¤Â¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸¸ÓM¶Ñv»¤.º\Ç¼·èØq·¸MÖM¤.¸Ð¦Ñ)×Æ·eïØSÑvÅ'¹0ºvÅN¸ ·±¹0ÐÍ¶±ÅN¸.¤M¸M»±·aÖM¤.¸M¹PÖS·ﬂÔÜº\¸M¶±·±¹Í¶±ÅNÓM¶ëM·±¹
¦
ê
¨
Q
¨
þ
¨
QÆß*Q
¨
®	
Ä
±­.ª \[ ­
ý
3
¨
{Y YªÎ.ª6rR[a [ y®¬ªSQ²ß
ý
§ ¨Ïªß ﬃ
ý.ý
yª
þ
¨
ZMYÆßTß)ªy®
e©v
V"
ª
¨&
É«¬
D®­°¯%±
!
!³²
´
M@wﬃ wvw­V
­
ªßA®¬ª
ý
^RÅpﬀ)ªY \[ y®¬ªSQ²ß
ý
 
¨
ý
>®¬ª*

ßrlSR%ªQ
ý
  	*^]
¯
±
ªßA®
¨
Q
ý
ß
¨
ý
ß)ª* ¯ªÏuk®Æßr{SR
¨
ýYý
]ﬃ!
²
ªßA®
¨
ß)ªSR
þ
6
¨
ß)­ﬀ)ªY ¯ª
Î.ªrR[s
?G=@?h·ÅóO¹Kôº ôﬀF
ñ
¾

ó­ôﬀ5òJ¸;ó9¿ ?¶?
ÔÜºv¶Ç¼Å'¹¼¶±ÅNØSºvÒÓM·±¹©ÒiÓSº<¹·¥ØSÇ¼ÅNØJ¤
Û
·¸iÐ¥¹¼ÅNº\ÐgØJ¤.Çg¶±ÅN¸MÖÓM¶Ð0ºvÅN¸³¶±ÅNÔÜÔÝ·ÖS·±¹ÙÖS»^ÔO¤
Û
Ç¤.Ð0ºvÅN¸M¹©¹0ÓSÕM¹¼ÅN¸SºvÒÓM·±¹ÞM¹¼ÅNº\ÐgØJ¤.Ç
ÅN¸MÖS·ÖS·¥¶ëMÅ¶¶±ÅNÔÜÔÝ·ÖS·±¹#ÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸M¹Ù¹0ÓSØq·Ç¼¹ÅN¸SºvÒiÓM·±¹
à
_gÓJ¤.¸MÖçÑ ¤aÐ¼·ÔÜØq»Ç¤.Ð0ÓSÇ¼·ﬂÖÓR¶±ÅNÔÕSÓM¹0Ð0º\ÕSÑv·ﬂ·eïS¶P±ÖS·PÓS¸M·Í¶±·Ç0Ð¤.º\¸M·Pß'¤.Ñv·ÓSÇÜ¶Ç0º\Ð0ºvÒiÓM·ﬂòaØJ¤.Ç0Ð0º\ÇÖS·ÍÑ ¤NÒÓM·Ñ\Ñv·
Ñ ¤P¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸	¹¼·ÖS»±¶Ñv·¸M¶¼ëM·ÝÒÓJ¤N¹0º\ÔÝ·¸iÐº\¸M¹0Ð¤.¸iÐ¤.¸M»ÔÝ·¸ÐØJ¤.Ç©Ç¤.ØSØqÅNÇ0Ð¤.ÓïèÔÝÅNÓSßC·ÔÝ·¸iÐ¼¹ÖÓ ÔMÓSºvÖS·'ÞsÓS¸M·
ÔÜº\¸M¶±·ÜZÅN¸M·ÜÖS·Ç¼»¤N¶Ð0ºvÅN¸ç¹¼·T¥ÅNÇ0ÔÝ·¦òPÑ)× º\¸Ð¼·Ç\¥T¤N¶±·¦·¸iÐ0Ç¼·ÜÑv·Ô¦¤.Ð¼»Ç0º ¤.Ó	ÕSÇ0^SÑv»Ü·Ð¥¸MÅN¸ê)ÕSÇ0^SÑv»
à
³AÑ\Ñv·Ý¹·ØSÇ¼ÅNØJ¤
Û
·
ÖM¤.¸M¹%Ñv·¥¶±ÅNÔÕSÓM¹0Ð0º\ÕSÑv··¸ißº\Ç¼ÅN¸S¸J¤.¸iÐÙØJ¤.Ç%Ñ)× ÓS¸LÖS·±¹#ÖS·ÓïÄÔÝ»±¶¤.¸Sºv¹0ÔÝ·±¹%Øs·Ç0ÔÜºv¹%ØJ¤.Ç%Ñv·±¹#¶±ÅN¸MÖº\Ð0ºvÅN¸M¹#ÖS·¥¹¤.ÓSÐ#ÖS·
ï
¤.¸

º\¸M·eêîgÓ
Û
ÅN¸SºvÅNÐ«SÓS¸M·ÖS»^ÔO¤
Û
Ç¤.Ð0ºvÅN¸RÌDÔO¤.ÔÜÔÝ·¯Ú¾ÅNÓLÓS¸M·ÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸
à
GºÑ ¤#¹0ÓSÇ0ØSÇ¼·±¹¼¹¼ºvÅN¸¶Ç¼»±»±·¡ØJ¤.Ç<Ñ ¤#¶ëJ¤.Ñv·ÓSÇtÖS·±¹>ØSÇ¼ÅÖÓSº\Ð¼¹>ÖS·¡¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸·±¹0Ð>¹¼Ó<;¦¹¤.ÔÜÔÝ·¸iÐtº\ÔÜØqÅNÇ0Ð¤.¸Ð¼·'Þ.ÓS¸M·
ÅN¸MÖS·ÖS·¶¼ëMÅ¶ë9êÖÇ¼ÅÖ.ê¸J¤.ÔÜºvÒÓM·Ü¹¼·V¥ÅNÇ0ÔÝ·'ÞqÕSÇ0^SÑ ¤.¸Ð¥Ñv·¶±ÅNÔÕSÓM¹0Ð0º\ÕSÑv·ØJ¤.Ç¥¶¼ëJ¤.Ó.ã7¤
Û
·Ü¶±ÅNÔÜØSÇ¼·±¹¼¹0ºæ¥
à
®g¸O¥Ç¼ÅN¸Ð
ÖS·Ý¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸ç¤.ÓSÐ¼Å.ê,·¸Ð0Ç¼·Ð¼·¸iÓ ÒiÓSº¹·ØSÇ¼ÅNØJ¤
Û
·ÝØJ¤.Ç¶ëMÅ¶Ý·±¹¼Ð¤.ØSØq·Ñv»
FUZòzC»£ô.ò
ñ
C»
à7á
·±¹ÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸M¹:¹¼·
ÖS»ØSÑ ¤N¶±·¸iÐ
Û
»¸M»Ç¤.Ñv·ÔÝ·¸Ð%òÓS¸M·ßº\Ð¼·±¹¼¹¼·¹0ÓSØq·Ç¼¹ÅN¸SºvÒiÓM·g¶±·ÒÓSºO·ÔÜØ>±¶¼ëM·gÑ ¤¥Ô¦¤.Ð0º@Ç¼·Ù¸MÅN¸Í¶±ÅN¸M¹0ÓSÔÝ»±·ÙÖX×Æ·¸iÐ0Ç¼·Ç
·¸a·eïØJ¤.¸M¹0ºvÅN¸a¤±ß'¤.¸iÐÙÖX×`Ð0Ç¼·¥ÕSÇ0^SÑv»±·
à
Ló¸ißC·Ç¼¹¼·ÔÝ·¸ÐÞC¹0ºÑ ¤Ù¹0ÓSÇ0ØSÇ¼·±¹¼¹0ºvÅN¸Ý·±¹¼ÐtÐ0Ç¼ÅNØR¥)¤.º\ÕSÑv·'ÞNÑv·
Û
Ç¤NÖºv·¸iÐHÖS·ÏÐ¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·ògÑ)× º\¸iÐ¼·Ç\¥)¤N¶±·%¶±ÅNÔÕSÓM¹0Ð0º\ÕSÑv·eê
¶±·¸MÖÇ¼·±¹¥¹¼·Ç¤.ºvÖº\Ð@í²ÓM¹ÒiÓ7×¬òÍ¶±·ÒiÓ7× ÓS¸³»±ÒiÓSº\Ñ\º\ÕSÇ¼·Ü·¸Ð0Ç¼·Ñ ¤¦ÖºæãsÓM¹0ºvÅN¸³Ð0ëM·Ç0ÔÜºvÒÓM·LÌÒiÓSº¹¼·T¥T¤.º\Ð©·±¹¼¹¼·¸Ð0ºv·Ñ\Ñv·ÔÝ·¸iÐ
ØJ¤.Ç©¶±ÅNÑ\Ñ\ºv¹0ºvÅN¸M¹©»Ñv·±¶Ð0Ç¼ÅN¸ê)ºvÅN¸OÚ·ÐÙÑ ¤ÜØSÇ¼ÅÖÓM¶Ð0ºvÅN¸ÖX×Æ»¸M·Ç
Û
ºv·¹¼ÅNº\ÐÙ¤.Ð0Ð¼·º\¸Ð
àqá
·a¥Ç¼ÅN¸iÐ©ÖS·¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸³Ç¼»±¹0ÓSÑ\Ð¤.¸iÐ
¶±ÅN¸M¹0ºv¹0Ð¼·Ï·¸ÓS¸M·HZÅN¸M·¾ÖS·ÏÖºæãqÓM¹¼ºvÅN¸ÒÓSº¶¼ëJ¤.Ó.ãX·¡Ñv·Ï¶±ÅNÔÕSÓM¹¼Ð0º\ÕSÑv·Aí²ÓM¹ÒiÓ7×¬ò#Ñ ¤Ð¼·ÔÜØs»Ç¤.Ð0ÓSÇ¼·¾¶Ç0º\Ð0ºvÒiÓM·'ÞN¹0ÓSº\ßºv·¡ØJ¤.Ç
ÓS¸M·ÔÜº\¸M¶±·¶±ÅNÓM¶ëM·ÜÅ%0aÑv·:¶±ÅNÔÕSÓM¹0Ð0º\ÕSÑv·Ü·±¹0ÐÙ¶±ÅN¸M¹0ÓSÔÝ»'Þs·ÐÑ)×Æ»¸M·Ç
Û
ºv·
Û
»¸M»Ç¼»±·
à
L,Ñt¹×¬¤
Û
º\Ð©ÖX× ÓS¸M·
FU.¥Aô¾ﬃº ô.ò
ñ
Co»
·¸M¶±ÅNÇ¼·¤.ØSØs·Ñv»±·¾Ð¼ÅNÓSÐH¹0º\ÔÜØSÑv·ÔÝ·¸ÐÔO¤.ÔÜÔÝ·'ÞCÒÓSºM¹¼·%ÖS»ØSÑ ¤N¶±·#¹0ÓSÕM¹¼ÅN¸SºvÒÓM·ÔÝ·¸iÐHØJ¤.ÇAÇ¤.ØSØqÅNÇ0Ð¡¤.ÓÜÔ¦¤.Ð¼»Ç0º ¤.Ó¦¸MÅN¸
¶±ÅN¸M¹0ÓSÔÝ»
à
ætÅNÓSÇØSÑ\ÓM¹ÖS·ÝÖS»Ð¤.º\Ñv¹ÅN¸ÂØsÅNÓSÇ0Ç¤ﬂ¶±ÅN¸M¹0ÓSÑ\Ð¼·ÇRîº\Ñ\Ñv·ÕSÇ¤.¸MÖÐbÈ

ºv·ÔÝ·ﬁêC·ÇPÌ~û5Û5Û5ÛCÚ©·Ð
á
¤.¸MÖM¤.Ó©È
á
ºæ¥T¶¼ëSº\Ð0Z
Ì\Ê8Ë
?
ÍCÚ
à
·gA
ñ
»Jò8ôÆ
ñ
¿
ñ
òµUFKói¶²ôÒ£¿jó
ñ
¾Ó`ö
T
ôÒ£¿ÑCﬃº
á
× º\¸M¹¼Ð¤.ÕSº\Ñ\º\Ð¼»ÙÖS·
ï
¤8êÑv·º
Û
ëê
$
¤êÑvÅNÇ#·±¹0ÐHÓS¸Ä·GãX·Ð¡ë9êÖÇ¼ÅÖ.ê¸J¤.ÔÜºvÒÓM·gº\ÔÜØqÅNÇ0Ð¤.¸Ð#ÒiÓSºq¹¼·#ØSÇ¼ÅÖÓSº\ÐÏÒÓJ¤.¸MÖÍÓS¸
ÔMÓSºvÖS·ÙÑvÅNÓSÇ¼ÖÄ·±¹0Ð¾¤N¶±¶±»Ñv»Ç¼»©ÖM¤.¸M¹ÏÓS¸°ÔMÓSºvÖS·gØSÑ\ÓM¹ÏÑv»
Û
·Ç
à
³AÑ\Ñv·¥¤»Ð¼»ÔÜºv¹¼·©·¸Ä»ßºvÖS·¸M¶±·ÙØsÅNÓSÇ¡ÓS¸°ÔMÓSºvÖS·©ÖM¤.¸M¹ÏÓS¸
¶¼ëJ¤.ÔÜØ
Û
Ç¤±ßº\Ð¤.Ð0ºvÅN¸S¸M·Ñ¡ÌÐ¼·Ñ7ÒiÓM·©ÖS·©Ñ)×Æ·¤.ÓL¹0ÓSÇ%ÖS·©Ñ)× ëÓSº\Ñv·¯ÚÏØJ¤.Ç
á
ÅNÇ¼Ö
ï
¤8êÑv·º
Û
ëL·¸eÊ8Ì5Ì5ÍﬂÌ
ï
¤êÑv·º
Û
ëhÊ8Ì5Ì5ÍCÚeÞS·Ð
ØSÑ\ÓM¹%Ð¤.Ç¼Öa¤.ØSØSÑ\ºvÒÓM»±·ò:Ð¼ÅNÓM¹#Ñv·±¹gÔMÓSºvÖS·±¹¤N¶±¶±»Ñv»Ç¼»±¹gØJ¤.ÇGº\Ç

·±Å ãsÇ¼·ﬁê
$
¤êÑvÅNÇg·¸DÊ8Ë5ü5ÛaÌ
$
¤êÑvÅNÇVÊ8Ë5ü5ÛCÚ
à
ªÏ·Ð0Ð¼·
º\¸M¹0Ð¤.ÕSº\Ñ\º\Ð¼»@í0ÅNÓM·¥ÓS¸ﬂÇðNÑv·¥º\ÔÜØsÅNÇ0Ð¤.¸iÐ©òÖS·ÓïﬂÇ¼·ØSÇ0ºv¹¼·±¹¤.Óa¶±ÅNÓSÇ¼¹#ÖS·Ñ)×Æ»ßCÅNÑ\ÓSÐ0ºvÅN¸ðÖX× ÓS¸M·¹0ÓSØs·Ç0¸MÅß'¤
à
$
ÅNÓSÐÖX×¬¤.ÕsÅNÇ¼ÖXÞ7ÑvÅNÇ¼¹ÖS·ÝÑ)×Æ·eïØSÑvÅ'¹0ºvÅN¸	·Ñ\Ñv·eê)ÔﬂÔÝ·
à
³AÑ\Ñv·¦Ç¼»±¹0ÓSÑ\Ð¼·ÝÖS·ÜÑ)× º\¸Ð¼·Ç¤N¶Ð0ºvÅN¸ ¤.ÓÂ¸Sº\ßC·¤.Ó	ÖÓe¥Ç¼ÅN¸iÐÖS·
¶±ÅNÔÕSÓM¹¼Ð0ºvÅN¸·¸iÐ0Ç¼·ÄÑv·°ÔMÓSºvÖS·Ä¶¼ëJ¤.ÓMÖ ·ÐÔÝÅNº\¸M¹ÜÖS·¸M¹¼·'ÞØSÇ¼ÅÖÓSº\ÐÜÖS·ÍÑ ¤è¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸7Þ·ÐÑv·PÔ¦¤.Ð¼»Ç0ºv·Ñ#·¸M¶±ÅNÇ¼·
ÖS·¸M¹¼·'ÞÏ¸MÅN¸ ¶±ÅN¸M¹0ÓSÔÝ»
à
éØSÇ±¹PØSÑ\ÓM¹0ºv·ÓSÇ¼¹ﬂÖS»±¶±·¸S¸Sºv·±¹ﬂÖS·ðÐ0Ç¤±ß'¤.º\Ñ©Ð0ëM»±ÅNÇ0ºvÒiÓM·³·ÐÄ·eïØs»Ç0º\ÔÝ·¸iÐ¤.Ñ)Þ¾Ñ)× º\¸M¹0Ð¤.ÕSº\Ñ\º\Ð¼»
¸MÅN¸ê)Ñ\º\¸M»¤.º\Ç¼·Ù·Ð¡¹¼·±¹¡¶±ÅN¸M¹¼»±ÒiÓM·¸M¶±·±¹Ï¹0ÓSÇÑv·ÔÝ»Ñ ¤.¸
Û
·gÖS·±¹ÔMÓSºvÖS·±¹¡¹ÅN¸iÐHÇ¼·Ñ ¤.Ð0º\ßC·ÔÝ·¸Ð¾ÕSºv·¸Í¶±ÅNÔÜØSÇ0ºv¹¼·±¹
à
GÓ,íy·Ð0Ð¼·±¹
òﬂÑ)× º\¸M¹¼Ð¤.ÕSº\Ñ\º\Ð¼»PÖS·
ï
¤8êÑv·º
Û
ëê
$
¤êÑvÅNÇÞtÖS·±¹Øs·Ð0º\Ð¼·±¹Øs·Ç0Ð0ÓSÇ0ÕJ¤.Ð0ºvÅN¸M¹ÜÖS·¦¹0ÓSÇ\¥)¤N¶±·ÝßCÅN¸Ð
Û
Ç¼Å'¹¹0º\Ç[íyÓM¹¼ÒÓ7×¬òŁ¥TÅNÇ0ÔÝ·Ç
ÖS·±¹ÏÕSÓSÑ\Ñv·±¹¥ÌÅNÓ4,¶¼ëJ¤.ÔÜØSº
Û
¸MÅN¸M¹.SÚ¡ÒÓSºJßCÅN¸Ð,iÔJÅNÐ0Ð¼·ÇU.ÜßC·Ç¼¹ÏÑv·gëJ¤.ÓSÐÞS¤.ÓP¹¼·º\¸ÄÖÓ°ÔMÓSºvÖS·ÙÖS·¸M¹·'ÞiÐ¤.¸MÖºv¹%ÒÓM·
ÖS·±¹#ÖSÅNº
Û
Ð¼¹#ÖS·iÔMÓSºvÖS·±¹#ÖS·¸M¹¼·¥ßCÅN¸ÐN,Ð¼ÅNÔÕs·Ç}.³ÌßCÅNº\Ç^¤
Û
ÓSÇ¼·VÍ
à
ÍCÚ
à
!©¤.¸M¹#Ñv·©Ç¼»
Û
º\ÔÝ·¥¸MÅN¸ê)Ñ\º\¸M»¤.º\Ç¼·'ÞJÖS·±¹%ÕSÓSÑ\Ñv·±¹
ÖS·©Ð¼ÅNÓSÐ¼·©Ð¤.º\Ñ\Ñv·©ßCÅN¸iÐº\¸iÐ¼·Ç¤
Û
º\Ç·Ð#¶Ç¼»±·Ç%ÓS¸M·¥¶±ÅNÓM¶ëM·ÖX×¢,»±¶ÓSÔÝ·.ÍÖSÅN¸iÐ#Ñ)×Æ·eïÐ¼·¸M¹0ºvÅN¸ﬂßC·Ç0Ð0ºv¶¤.Ñv·¶Ç¼Å.]vÐ¤ßC·±¶©Ñv·
¶¤.Ç0Ç¼»ÖÓLÐ¼·ÔÜØM¹Ìsîº\Ñ\Ñv·ÕSÇ¤.¸MÖÐ&È

ºv·ÔÝ·ﬁêC·Ç&û5Û5Û5ÛCÚ
à
æAÑ\ÓM¹ÙÐ¤.Ç¼Öè·Ñ\Ñv·:ßN¤PíyÅNÓM·Ç¥òÝ¸MÅNÓSßC·¤.Ó³ÓS¸èÇðNÑv·ÑvÅNÇ¼¹ÒiÓM·Ñ ¤ÝÔ¦¤.Ð0º@Ç¼·:»í0·±¶Ð¼»±·ß'¤Üº\¸Ð¼·Ç¤
Û
º\Ç¤±ßC·±¶Ñ ¤ÝÔ¦¤.Ð0º@Ç¼·
¶º\Ç¼¶ÓSÔÝ¹0Ð¼·Ñ\Ñ ¤.º\Ç¼·ﬂÑ ¤:Ô¦¤.Ð0º@Ç¼·¥·¸ﬂ·eïØJ¤.¸M¹0ºvÅN¸L¶±ÅN¸M¹0Ð0º\Ð0ÓJ¤.¸iÐÑv·UÔMÓSºvÖS·©Ñv»
Û
·Ç#·Ð#¶ëJ¤.ÓMÖﬂÒiÓSºsß'¤NÐ0Ç¼·¥ÖS»±¶±»Ñv»Ç¼»©ØJ¤.Ç
¶±ÅNÑ\Ñ\ºv¹0ºvÅN¸ð¤ßC·±¶¥Ñ ¤Ô¦¤.Ð0º@Ç¼·¶º\Ç¼¶ÓSÔÝ¹¼Ð¼·Ñ\Ñ ¤.º\Ç¼·a¥Ç¼ÅNºvÖS·¥·ÐÖS·¸M¹¼·
à
1#lð1 ·¹¸ö7tº[»º[R¼½¸¾ºw¿4ÀÁ¸4¢
45}4A5,6 G I.¢KODVSiB); EGR ¡VsI.G
LóÑ·±¹0ÐÖS»±¹¼ÅNÇ0Ô¦¤.ºv¹A¤N¹¼¹¼·ZÏ¶±ÅNÓSÇ¤.ÔÜÔÝ·¸iÐH¤NÖÔÜºv¹ÒÓ7× ÓS¸M·H¹0ÓSØs·Ç0¸MÅß'¤ÙÖS·ÐêØs·³Ly¤#·±¹0Ð>Ñv·HÇ¼»±¹¼ÓSÑ\Ð¤.ÐtÖS·¡Ñ)×Æ·eïØSÑvÅ'¹¼ºvÅN¸
Ð0ëM·Ç0ÔÝÅN¸iÓM¶Ñv»¤.º\Ç¼·ÖX× ÓS¸M·è¸J¤.º\¸M·ðÕSÑ ¤.¸M¶¼ëM·³ÒÓSºÙ¤N¶±¶ÇÐ¼·³ÖS·LÑ ¤Ô¦¤.Ð0º@Ç¼·è¤.Ó ¹¼·º\¸WÖX× ÓS¸W¹"ê¹0ÐÔÝ·aÕSº\¸J¤.º\Ç¼·
àÏá
¤
?¶ò ·Åó\ﬂJ¸;¹(ó9º »JC?¼5f òﬁÓ;ó2º

C»`¸Ð2¿gU9ô
ñ
º ó\ŁÀÁÂYóNÃﬁô
ÂÃgÄÅ'á0ÆâáÇdyµsR¡­.® ¨ ß	
ýèý
­R^ ±­.ª
 ¯ª®@[ e®¬­Yß	
ý
ß)ªuR
þ
)ªy®¬®¬ªÈ Yª® ¨
WÉrR%ª¹ ¯­4WÉ
ý
ß° ¯ªßQvRpY­ß	
ý
ª²ß
 ¯­-Q ¨ R
þ
 YªuµÆß)ªTª^]Ïª
ýRþ
¨ Tß ¨
ý
ß
 [ ­
ý
ª
ý
ß ¨ pﬀ°®	Æß*
ý
Æß ¨ ®¬ª ¨  ﬃ ¨ ®¬ª%ê ¨
WÉrR%ªﬂª
ý
Q ¨ R
þ
	3
ý

ý
ß 
þ
 ±­.ªu ¯ª
®[ 
ý
ß ¨ pﬀ¬® Æß*³m ¨ ®°ª 3ﬀÊDx ¨ ®	i 	ªÊ
®	
þYþ
ª¹ ¯ªËe­ﬀÌÊ®ß)­XQ²ß)­ﬀ)ªS]¡®[ 
ý
ß)ª
ý
Ê
Æß*t ¯ª:® ¨ ß)­ﬀrp.­Y®¬ª
ý
QyªÍ Yªµ¬ª
ý
ß
þ
®¬­
y®¬ªGyª^] ¨ QSQy®< ¨
ý
ßM® ¨ QvRpY­ß	
ýHý
­ﬀÊ
Qy®< ¨ )ªÎ Yª
þ
¨ L®[ ¨ ­3vR%ª
ý
ß ¨ ß	
ý
 ¯ª
® ¨ T­ﬃW ¨ Qyªê ¨ ß)­ﬃrp.­.®¬ª
ý
Qyª:ªß
þ
*Ê
Tª
ý
ß)ª f Q ¨ ­TªÏ YªÂ® ¨ µ	Q¬ß*	ª²ß
 [ ­
ý
¨ ­Yß)ª7ß 
þ
ª \[ 
ý
ß ¨ p¬®	¬ß*   µÊ
  
ý
¨ R[ ±­.ª"®[ 
ý
ß ¨ pﬀ¬® Æß* ¯ªJYAªy®	µ
ý
Ê
l>ªy®ÇR[e®Æßr{w±­Oªß f ®[ 	3
ý
ªÐ Yª#® ¨
WÉrR ¨ ß	
ý
 Yªbæm ¨ 3­.ªç f ®[ 
ý
ß)ªÊ
W ¨ Qyªsª
ý
ß)ªk Yªy­ﬁtèN­ﬀÑ ¯ªA ¯ªkµÆß)ªTªMª²ß
 ¯ª ¯ª
ý
Æß*4 ﬃÇ_Z6)ª
ý
ß)ªﬁx* Yª>m>ªÊ
ý
ªSQ6Òeªtª²ß
¨
®sLM
e^v
V6
Ô¦¤.Ð0º@Ç¼·©¤N¶±¶Ç¼»Ð¼»±·Ù·±¹0ÐHÖS·#Ñ)× ë9êÖÇ¼Å
Û
¸M·Ù·Ð
ì
ÅNÓÄÖS·%Ñ)× ëM»Ñ\º\ÓSÔ ÒÓSºMß'¤°,ÙÕSÇ0^SÑv·Ç.ÖS·Ô¦¤.¸Sº@Ç¼·g¹0Ð¤.ÕSÑv·Ùò©Ñ ¤¹¼ÓSÇ\¥T¤N¶±·
ÖS·gÑ ¤¥¸J¤.º\¸M·ÕSÑ ¤.¸M¶¼ëM·'ÞS¤.Ó
Û
ÔÝ·¸iÐ¤.¸Ð¤.º\¸M¹0ºJØSÇ¼Å
Û
Ç¼·±¹¹0º\ßC·ÔÝ·¸iÐ%¹¤Ô¦¤N¹¼¹¼·#¹¤.¸M¹Ï¶¼ëJ¤.¸
Û
·Ç¾¹¤¶±ÅNÔÜØqÅ'¹0º\Ð0ºvÅN¸Pº\¸Sº\Ð0º ¤.Ñv·
ÖS·Ù¶¤.Ç0ÕsÅN¸M·g·Ð¾ÖX×ÆÅ±ï.ê
Û
¸M·
à
GºqÑ ¤¥Ô¦¤N¹¼¹·gÖS·&ª¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.Ç%»Ð¤.º\Ð#¤.Ð0Ð¼·º\¸iÐ¼·'ÞÑ)×Æ»Ð¼ÅNº\Ñv·©ÖS·ßºv·¸MÖÇ¤.º\Ð¡º\¸M¹0Ð¤.ÕSÑv·©·Ð
¹¯×Æ·GãsÅN¸MÖÇ¼·Ç¤.º\Ð
à
Ó
¤.ºv¹Þ'¶±ÅNÔÜÔÝ·#¸MÅNÓM¹A¸MÅNÓM¹AÑ)×¬¤±ßCÅN¸M¹HßÓ¦¤.ÓÜØJ¤.Ç¤
Û
Ç¤.ØSëM·WÍ
à
Ê
à
ûÞC·¸ÜßC·Ç0Ð0Ó¦ÖS·±¹·GãX·Ð¼¹AÇ¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·±¹Þ
Ñ ¤¦Ô¦¤N¹¼¹¼·ÖS·bª¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.Ç©·±¹0ÐÙ¤.Ð0Ð¼·º\¸Ð¼·ØsÅNÓSÇÓS¸M·ÖS·¸M¹0º\Ð¼»:¶±·¸iÐ0Ç¤.Ñv·ÖS·
&}2Ý5ß,ý
Ð°Û
CÔ
Ñ
Ðà
ëgÇÙÑv·¹¼·ÓSº\Ñ
ØsÅNÓSÇ:Ñ ¤Ł¥ÓM¹0ºvÅN¸	ÖÓç¶¤.Ç0ÕqÅN¸M·P·±¹0ÐÖS·ÍÒiÓM·ÑvÒÓM·±¹²Ê8ÛZý
Ò
Û
Ô
Ñ
Ðà>á
¤­¥ÓM¹0ºvÅN¸	ÖÓç¶¤.Ç0ÕsÅN¸M·Í¹·ÝÖS»±¶Ñv·¸M¶¼ëM·ÄÖSÅN¸M¶
¤ßN¤.¸ÐgÒÓM·©Ñ)× º\¸M¹0Ð¤.ÕSº\Ñ\º\Ð¼»Ç¼·Ñ ¤.Ð0º\ßºv¹0Ð¼·¥¸M·¥¹·©ØSÇ¼ÅÖÓSºv¹¼·
à
ªÏÅNÔÜÔÝ·¦Ñv·±¹Ç¼»¤N¶Ð0ºvÅN¸M¹ÖS·M¥ÓM¹0ºvÅN¸Ð0ëM·Ç0ÔÝÅN¸ÓM¶Ñv»¤.º\Ç¼·±¹Ý¹¼ÅN¸Ðº\¸M¹0Ð¤.ÕSÑv·±¹ÖM¤.¸M¹ÓS¸	Ð¼·Ñ¡ÔÜº\Ñ\ºv·ÓçÖS»
Û
»¸M»Ç¼»'ÞtÑ ¤
¥ÓM¹0ºvÅN¸aÖÓL¶¤.Ç0ÕsÅN¸M··¸Ð0Ç¤Y]v¸M·ÓS¸M·¥ßC»Ç0º\Ð¤.ÕSÑv··eïØSÑvÅ'¹0ºvÅN¸LÒÓSº7ß'¤ÖS»Ð0Ç0ÓSº\Ç¼··¸iÐ0º@Ç¼·ÔÝ·¸ÐgÑ ¤Ü¸J¤.º\¸M·¥ÕSÑ ¤.¸M¶¼ëM·
à
4A5}45} Óa?GJ=6¤?GJIiSCVkÔ DHGJUWGJDP'I
á
·±¹#¹0º\ÔÓSÑ ¤.Ð0ºvÅN¸M¹Ù¸iÓSÔÝ»Ç0ºvÒÓM·±¹g¶±ÅN¸.¥Ç¼ÅN¸iÐ¼»±·±¹©¤.ÓïÄÅNÕM¹·Ç0ßN¤.Ð0ºvÅN¸M¹gØq·Ç0ÔÝ·Ð0Ð¼·¸ÐgÖX×ÆÅNÇ¼·±¹g·ÐÖS»í0òÝÖS·¥Ð¤.º\Ñ\Ñv·ÇÓS¸
¶ëM·ÔÜº\¸ðÖM¤.¸M¹Ñ ¤]í²ÓS¸
Û
Ñv·ÖS·±¹Öºæãs»Ç¼·¸Ð¼¹#ÔÝÅÖﬀÑv·±¹ÖS·©ØSÇ¼Å
Û
»¸Sº\Ð¼·ÓSÇ¼¹Ù·ÐÖX×Æ·eïØSÑvÅ'¹¼ºvÅN¸
à\à\à
·Åô/C

¹CE
ñ
ò
ñ
C»FKóO¿jôh»£ô
ñ
»;óNÆA¿jô-»Ð%Ó£óOô-¸

C

ó9»ò F;ó¨¿ðAæó\B¹K¿ÑCE
ñ
Co»
³A¸aØSÇ0º\¸M¶º\Øs·'ÞqÑ ¤Ü¸J¤.º\¸M·ÕSÑ ¤.¸M¶¼ëM·ÒÓSºt¤N¶±¶ÇÐ¼·ÖS·Ñ ¤¦Ô¦¤.Ð0º@Ç¼·[íyÓM¹¼ÒÓ7×¬òÝ·eïØSÑvÅ'¹¼·ÇÙØqÅNÓSÇ0Ç¤.º\Ð'Ð0Ç¼·¶±ÅNÔÜØsÅ'¹¼»±·
ÖX× ëM»Ñ\º\ÓSÔLÞOÖS·¶¤.Ç0ÕsÅN¸M·eê,Å±ï.ê
Û
¸M·ÅNÓLÖX×ÆÅ±ï.ê
Û
¸M·eê)¸M»±ÅN¸
à
Õ
Ïºv·¸ÒiÓM·'ÞA·¸¤N¶±¶Ç¼»Ð¤.¸ÐÍÖS·ÄÑ ¤³Ô¦¤.Ð0º@Ç¼·'ÞÑv·±¹Ü¸J¤.º\¸M·±¹ÜÕSÑ ¤.¸M¶¼ëM·±¹PÖX× ëM»Ñ\º\ÓSÔ ØSÓSºv¹¼¹·¸iÐ¦·eïØSÑvÅ'¹¼·ÇÜØJ¤.ÇÝÑ ¤
¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸ðÖS·gÑ)× ëM»Ñ\º\ÓSÔLÞÑ ¤:¶±ÅNÔÜØsÅ'¹0º\Ð0ºvÅN¸ﬂÖS·ÙÑ ¤Ô¦¤.Ð0º@Ç¼·¥»í0·±¶Ð¼»±·©·±¹0Ð¾Ð¼ÅNÐ¤.Ñv·ÔÝ·¸iÐ#º\¸M¶±ÅNÔÜØJ¤.Ð0º\ÕSÑv·¤±ßC·±¶
Ñv·±¹#ÅNÕM¹¼·Ç0ß'¤.Ð0ºvÅN¸M¹
à
Õ
á
·±¹Ý¸J¤.º\¸M·±¹¦ÕSÑ ¤.¸M¶¼ëM·±¹PÖX×ÆÅ±ï.ê
Û
¸M·eê)¸M»±ÅN¸Ì
Û
»¸M»Ç¼»±·±¹¦ØJ¤.ÇÝÖS·±¹Í»Ð¼ÅNº\Ñv·±¹¦ÖS·NÜ Ê8Û
Ó
Ô
ÚÜ¤.ÓSÇ¤.ºv·¸Ð¦ØSÑ\ÓSÐðNÐ
Ð¼·¸MÖM¤.¸M¶±·Âò¹¯×Æ·GãsÅN¸MÖÇ¼·Çﬂ¹0ÓSÇÄ·Ñ\Ñv·±¹yê)ÔﬂÔÝ·±¹ÄØsÅNÓSÇÍØSÇ¼ÅÖÓSº\Ç¼·³ÖS·±¹P»Ð¼ÅNº\Ñv·±¹ﬂò	¸M·ÓSÐ0Ç¼ÅN¸M¹ﬂ¹¼ÅNÓM¹ÍÑ)×Æ·Gãs·ÐﬂÖS·
Ñ)×¬¤N¶±¶Ç¼»Ð0ºvÅN¸ÖS·aÔ¦¤.Ð0º@Ç¼·
à
ªÏ·ÐÄ·GãXÅN¸MÖÇ¼·ÔÝ·¸iÐL¸M·ðØSÇ¼ÅÖÓSº\ÐÄØJ¤N¹ﬂ¤N¹¼¹¼·Z³ÖS·ð¸Sºv¶

·Ñ©ØqÅNÓSÇﬂ·eïØSÑ\ºvÒiÓM·ÇPÑv·±¹
?G=@?h·ÅóO¹Kôº ôﬀF
ñ
¾

ó­ôﬀ5òJ¸;ó9¿ ?EÏ
¶±ÅNÓSÇ0Õs·±¹ÖS·Ñ\ÓSÔÜº@Ç¼·ÝÅNÕM¹·Ç0ßC»±·±¹ÍÌ¹¤.Ó.¥ÏØq·ÓSÐyê2Ð0Ç¼·ÜØsÅNÓSÇ¥Ñv·±¹»ß¸M·ÔÝ·¸Ð¼¹Ð0Ç±¹¹ÅNÓM¹yê)Ñ\ÓSÔÜº\¸M·ÓïÂ¶±ÅNÔÜÔÝ·
G

Ê8Ë5Ë.ÊÕ
Û
Ú
à
Õ
á
·±¹ð¸J¤.º\¸M·±¹³ÕSÑ ¤.¸M¶ëM·±¹ÖS·R¶¤.Ç0ÕqÅN¸M·eê,Åï?ê
Û
¸M· ¹¼ÅN¸iÐO¥TÅNÇ0ÔÝ»±·±¹ÖM¤.¸M¹ðÑv·±¹³¹"ê¹0ÐÔÝ·±¹èÕSº\¸J¤.º\Ç¼·±¹ò ØJ¤.Ç0Ð0º\Ç
ÖX×Æ»Ð¼ÅNº\Ñv·±¹ÍÖS·ﬂÑ ¤¹¼»±ÒÓM·¸M¶±·ﬂØSÇ0º\¸M¶º\ØJ¤.Ñv·0í²ÓM¹¼ÒÓ7×¬òhÌ
Ó Ô
à
³AÑ\Ñv·±¹¦¹ÅN¸iÐ¦ÖSÅN¸M¶aÇ¼·Ñ ¤.Ð0º\ßC·ÔÝ·¸iÐP¸MÅNÔÕSÇ¼·ÓM¹¼·±¹
à
!¥¤.¸M¹¡Ñ)× º\¸iÐ¼·Ç0ß'¤.Ñ\Ñv·©ÖS·Ô¦¤N¹¼¹·WÛ
à
Ì
Õ
Ê
à
û
Ó§Ô
·Ð¡ØsÅNÓSÇ¡ÖS·±¹ÏÐ¤.Óï¦ÖX×¬¤N¶±¶Ç¼»Ð0ºvÅN¸NÝZß
ÑL
áhÝ5ß
Ñ
â
ÓeÔAì
¤.¸7Þ·Ñ\Ñv·±¹
¹ÅN¸iÐ¹0ÓSØSØsÅ'¹¼»±·±¹¾ØSÇ¼ÅÖÓSº\Ç¼·Ñ ¤:Ô¦¤	í0ÅNÇ0º\Ð¼»ÖS·±¹G

·#Ly¤
à
Ö

¸£ó?¿j¿jó

ôﬀz8ó¨¿jôh»£ô
ñ
»;óNÆA¿zô-»J%Ó£óOóB¹A¿DCE8ó5öòﬁö6ó?¿s¿zó×
!©·Óï ¶Ñ ¤N¹¼¹¼·±¹ÝÖS·LÔÝÅÖﬀÑv·±¹Í¶±Å·eïºv¹0Ð¼·¸iÐ®¹¼ÅNº\ÐÝÑ ¤¸J¤.º\¸M·ﬂÕSÑ ¤.¸M¶¼ëM·è·eïØSÑvÅ'¹·L·¸ ¤.Ð0Ð¼·º
Û
¸J¤.¸iÐPÑ ¤³Ô¦¤N¹¼¹·ﬂÖS·
ª¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.ÇÞsÐ¤.¸MÖºv¹¥ÒiÓM·Ñv·¶¤.Ç0ÕqÅN¸M·¹×¬¤.Ñ\Ñ\ÓSÔÝ··¸¹¼ÅN¸³¶±·¸iÐ0Ç¼·)X¹¼ÅNº\Ð©·Ñ\Ñv··eïØSÑvÅ'¹·¤ßN¤.¸Ð¥ÖX×¬¤.Ð0Ð¼·º\¸MÖÇ¼·Ñ ¤
Ô¦¤N¹¼¹¼·¥ÖS·Rª¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.ÇÞO¹¼ÅNÓM¹¾Ñ)×Æ·GãX·ÐÖS·¥Ñ ¤¶±ÅNÔÕSÓM¹¼Ð0ºvÅN¸a¸MÅN¸ê,¶±·¸iÐ0Ç¤.Ñv·:ÖS·©Ñ)× ëM»Ñ\º\ÓSÔ
à
ØÏÙ
¿s¿ÌÚ

ôAÛﬃó FÚäZôAÜ	ÆZCIÝ;óIßÞjô

ôﬀzJóFKó³õÓ£ô8ÝJFÜ	ôﬀ8óö*Ó£ôAÜà
º\Ñ¹×¬¤
Û
º\ÐLÖÓö,ç¹¼¶±»¸J¤.Ç0ºvÅ ¹¼Ð¤.¸MÖM¤.Ç¼Ö .'Þ
ÖM¤.¸M¹>Ñv·±ÒÓM·ÑCÑ ¤%¸J¤.º\¸M·HÕSÑ ¤.¸M¶¼ëM·¾¤N¶±¶ÇÐ¼·HÖS·Ñ ¤%Ô¦¤.Ð0º@Ç¼·íyÓM¹¼ÒÓ7×¬ò#¤.ØSØSÇ¼Å¶ëM·Ç>Ñ ¤%Ô¦¤N¹¼¹¼·ÖS·á¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.Ç
à
á
¤g¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸ÜÖÓ:¶¤.Ç0ÕsÅN¸M·¾¹×¬¤.Ñ\Ñ\ÓSÔÝ·Ï¹¼ÅNÓM¹tÑ)×Æ·Gãs·ÐÖÓØJ¤N¹¹¤
Û
·¡ÖX× ÓS¸M·¾ÅN¸MÖS·ÏÖS·¡¶ëJ¤.Ñv·ÓSÇÞ'·¸
Û
·¸MÖÇ¼»±·ÏØJ¤.Ç
Ñ ¤¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸P¹0Ð¤.ÕSÑv·%ÖÓÝÔ¦¤.Ð¼»Ç0ºv·ÑO¤N¶±¶Ç¼»Ð¼»#·¸Í¹0ÓSÇâT¤N¶±·
à'á
¤MâÓM¹¼ºvÅN¸ÝÖÓÝ¶¤.Ç0ÕqÅN¸M·#¹¯×¬¤.Ñ\Ñ\ÓSÔÝ·¤.Ó¦¶±·¸iÐ0Ç¼·ÖS·
Ñ)×Æ»Ð¼ÅNº\Ñv·'ÞsÅNÓèÐ0Ç±¹ÙØSÇ±¹gÖÓ³¶±·¸iÐ0Ç¼·
àã
Ñ\Ñv·:·±¹0Ð©·eïØSÑvÅ'¹¼º\ßC·¶±ÅNÔÜÔÝ·¸MÅNÓM¹ÙÑ)×¬¤±ßCÅN¸M¹©ßÓè¤.ÓèØJ¤.Ç¤
Û
Ç¤.ØSëM·0Í
à
û
à
Ê
·Ð:ÖS»ÕSÓSÐ¼·ÝÓS¸ÂØs·Ó	¤ßN¤.¸Ð:ÒÓM·ÜÑ)×ÆÅNÕ.í0·Ð¶±ÅNÔÜØJ¤N¶Ð¸7×¬¤.Ð0Ð¼·º
Û
¸M·¦Ñ ¤ﬂÔ¦¤N¹¼¹·Ñ\º\ÔÜº\Ð¼·¦ÖS·Wá¡ëJ¤.¸MÖÇ¤N¹·

ëJ¤.Ç:·Ð
¸M·g¹×Æ·GãXÅN¸MÖÇ¼·g¹0ÓSÇHÑ\ÓSº~ê)ÔﬂÔÝ·
àá
¤¶±ÅNÔÕSÓM¹¼Ð0ºvÅN¸Ä·eïØSÑvÅ'¹0º\ßC·Øq·ÓSÐ¡Ð0ëM»±ÅNÇ0ºvÒiÓM·ÔÝ·¸Ð¾¹·#ØSÇ¼ÅNØJ¤
Û
·Ç¾ÖÓÍ¶±·¸iÐ0Ç¼·
ßC·Ç¼¹Ñv·©ÕqÅNÇ¼ÖﬂÖS·Ñ)×Æ»Ð¼ÅNº\Ñv·¹¼·ÑvÅN¸LÐ0Ç¼ÅNºv¹%ØSÇ¼Å¶±·±¹¼¹0ÓM¹«
ÚÝ;óFUZòzCIÝ;ô.ò
ñ
CIÝäà
Ñ ¤aØSÇ¼·ÔÜº@Ç¼·ﬂ¹¼º\ÔÓSÑ ¤.Ð0ºvÅN¸ÖS·PÑ)×Æ·eïØSÑvÅ'¹0ºvÅN¸ ÖX× ÓS¸M·Ä¸J¤.º\¸M·ÍÕSÑ ¤.¸M¶ëM·aòðÑ ¤ðÔ¦¤N¹¼¹¼·PÖS·
á¡ëJ¤.¸MÖÇ¤N¹·

ëJ¤.Ç¾ÌséÇ0¸M·Ð0ÐÅÊ8Ë
?
ËCÚX¹0ÓSØSØqÅ'¹¤.º\Ð7ÒiÓM·Ñ ¤%¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸Ð0ëM·Ç0ÔÝÅN¸ÓM¶Ñv»¤.º\Ç¼·¡ÖS»ÕSÓSÐ¤.º\Ðt¶±ÅNÔÜÔÝ·
ÓS¸M·©ÅN¸MÖS·ÙÖS·©ÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸7ÞS¶±ÅN¸M¹0ÓSÔ¦¤.¸iÐ%·¸iÐ0º@Ç¼·ÔÝ·¸Ð#Ñ)×Æ»Ð¼ÅNº\Ñv·¥òÑ ¤ßº\Ð¼·±¹¼¹¼·gÖÓÄ¹ÅN¸
à
áÏÅNÔÜÔÝ·Ùº\Ñq¸7×¬¤
ØJ¤N¹ÙÑv·Ð¼·ÔÜØM¹ÙÖX×Æ·¸Ð0Ç¼·Ç¥·¸è·eïØJ¤.¸M¹0ºvÅN¸¤±ß'¤.¸iÐ©ÖX×`Ð0Ç¼·:¶±ÅN¸M¹¼ÓSÔÝ»'ÞJÑ)×¬¤N¹0Ð0Ç¼·:ÖS·:¶¤.Ç0ÕqÅN¸M·eê,Åï?ê
Û
¸M··±¹0Ð
Ð0Ç¤.¸M¹âÅNÇ0ÔÝ»ØSÇ¼·±¹ÒiÓM··¸Ð0º@Ç¼·ÔÝ·¸iÐ³·¸÷¸MÅ8êi¤.ÓïÖÓ÷ØSºv¶ÖÓåâ·ÇÞ%¹¤.¸M¹ÄØSÇ¼ÅÖÓSº\Ç¼·ÓS¸M·ÒÓJ¤.¸iÐ0º\Ð¼»
¹¼º
Û
¸SºçæJ¶¤.Ð0º\ßC·ÙÖX×Æ»Ñv»ÔÝ·¸Ð¼¹#ÖS·gÔ¦¤N¹¼¹¼·gº\¸iÐ¼·Ç0ÔÝ»±Öº ¤.º\Ç¼·'ÞS¶±·ÙÒiÓSºs·±¹0Ð¡·¸Ä¶±ÅN¸iÐ0Ç¤NÖºv¶Ð0ºvÅN¸è¤±ßC·±¶ÙÑv·±¹¡ÅNÕM¹·Çyê
ß'¤.Ð0ºvÅN¸M¹ÜÌtº\Ñ\º\ØSØq·¸

Å¨Ê8Ë5ËN¤)Etº\Ñ\º\ØSØq·¸

Å§Ê8Ë5ËYÕOÚ
àkã
ÐÙ¶±·ÖX×¬¤.ÓSÐ¤.¸iÐ©ØSÑ\ÓM¹©ÒiÓM·Ñ)×¬¤.Ñ\Ñ\ÓSÔ¦¤
Û
·ÖX× ÓS¸M·
ÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸è¤.ÓÄ¹·º\¸ÄÖÓÄÔÜº\Ñ\ºv·ÓLÖS·ÙëJ¤.ÓSÐ¼·©ÖS·¸M¹0º\Ð¼»¥ÒÓ7×Æ·±¹0Ð¾Ñv·Ù¶å©ÓSÇ%ÖX× ÓS¸M·©¸J¤.º\¸M·ÙÕSÑ ¤.¸M¶¼ëM··±¹0Ð¾Ð0Ç±¹
º\ÔÜØSÇ¼ÅNÕJ¤.ÕSÑv·°M·Ñ\Ñv·¤.ÓSÇ¤.º\ÐØSÑ\ÓSÐðNÐÐ¼·¸MÖM¤.¸M¶±·òÜ¹×¬¤.ÓSÐ¼Å.ê,»Ð¼ÅNÓ.ãX·ÇÌsÉ©Ç0º\ÔÜº\¸M¹

º<·Ðg¤.Ñ
à
Ê8Ë5Ë5ÌCÚ
à
ÚÝ;óFU.¥AôAÛ Ü ô.ò
ñ
CkÝ:à
ÓS¸M·(âÅNºv¹Ü¤.Ñ\Ñ\ÓSÔÝ»±·'ÞtÑ ¤IÔO¤.ÔÜÔÝ·P¹¼ÓSÕM¹¼ÅN¸SºvÒiÓM·Ä¹¼·Í¶¼ëJ¤.Ç
Û
·ﬂÖS·ÍßCÅNÑ\ÓSÐ¼·±¹Ü¶Ç¼»±»±·±¹:ØJ¤.Ç
Ñ ¤Ð0ÓSÇ0ÕSÓSÑv·¸M¶±·'ÞH·Ñ\Ñv·eê)ÔﬂÔÝ·LØSÇ¼ÅÖÓSº\Ð¼·ﬂØJ¤.ÇÝÑv·±¹¦Öºæãs»Ç¼·¸Ð¼·±¹¦º\¸M¹0Ð¤.ÕSº\Ñ\º\Ð¼»±¹¦ë2êÖÇ¼ÅÖ.ê¸J¤.ÔÜºvÒÓM·±¹ÞHÒÓSº
¹ÅN¸iÐ·±¹¼¹¼·¸Ð0ºv·Ñ\Ñv·ÔÝ·¸iÐ¡Ñ)× º\¸M¹0Ð¤.ÕSº\Ñ\º\Ð¼»#ÖS·
ï
¤8êÑv·º
Û
ëê
$
¤êÑvÅNÇgÌó§Í
à
û
à
ûCÚeÞC·Ð¶±·Ñ\Ñv·%ÖS·^É¥·Ñ\ßº\¸êîg·Ñ\ÔÜëMÅNÑ\Ð0Z
à
áÏ·Ð0Ð¼·¦ÖS·Ç0¸Sº@Ç¼·Üº\¸iÐ¼·Ç0ßºv·¸iÐòPÑ)× º\¸iÐ¼·Çâ)¤N¶±·Ý·¸iÐ0Ç¼·ÝÖS·Óï®ÔMÓSºvÖS·±¹ÖS·ÜÖS·¸M¹¼º\Ð¼»±¹Öºæãs»Ç¼·¸Ð¼·±¹·ÐÖS·ßº~ê
Ð¼·±¹¹¼·±¹¡ÖºæãX»Ç¼·¸iÐ¼·±¹¯ÞØSÇ¼Å¯ßCÅÒÓJ¤.¸iÐ%Ñ)×¬¤.ØSØJ¤.Ç0º\Ð0ºvÅN¸ﬂÖS· ,¥ß'¤
Û
ÓM·±¹g.
à
áÙ×Æ·±¹0ÐÏ·Ñ\Ñv·ÙÒÓSºq·¸
Û
·¸MÖÇ¼·ÙÑ ¤Ð0ÓSÇ0ÕSÓê
Ñv·¸M¶±·Ùò¥Ñ ¤¹0ÓSÇâT¤N¶±·ÖS·±¹HÕSÓSÑ\Ñv·±¹
àiá
× ÓS¸PÖS·±¹HÔÝÅÖﬀÑv·±¹WÊP!¤êi¤.¸Ð¾Ñv·%ØSÑ\ÓM¹¡ÖS·g¹0ÓM¶±¶P±¹H·±¹¼ÐÑv·N,Mè¹«.ÜÖS·

ÅNÔÝÅNÐ¼Å:·ÐÏ¤.Ñ
à
ÌéµêRëÚeÞÒÓSºOÖS»ÔÝÅN¸Ð0Ç¼·Ù¶Ñ ¤.º\Ç¼·ÔÝ·¸Ð¾Ñ)×Æ·eï¶±·Ñ\Ñv·¸Ð%¤N¶±¶±ÅNÇ¼ÖPÖS·±¹¡ÔÝÅÖﬀÑv·±¹¾ÖS·ÖS»^ÔO¤
Û
Ç¤Yê
Ð0ºvÅN¸ä,ÝÇ¤.ØSºvÖS·ﬂ.ð¤ßC·±¶:Ñv·±¹Ù¹¼Øq·±¶Ð0Ç¼·±¹©·Ð©¶±ÅNÓSÇ0Õq·±¹©ÖS·:Ñ\ÓSÔÜº@Ç¼·ÅNÕM¹¼·Ç0ßC»±·±¹
àsá
·±¹©Öºæãs»Ç¼·¸Ð¼¹©ÔÝÅÖﬀÑv·±¹
¹¯×¬¤N¶±¶±ÅNÇ¼ÖS·¸iÐ%¹0ÓSÇHÓS¸M·gßº\Ð¼·±¹¼¹¼·ÖÓìâÇ¼ÅN¸iÐ¾ÖS·¶±ÅNÔÕSÓM¹¼Ð0ºvÅN¸ÄÖS·gÑ)×ÆÅNÇ¼ÖÇ¼·ÙÖS·í5ÛZç ÖS·Ñ ¤ßº\Ð¼·±¹¼¹·ÖÓÍ¹ÅN¸
à
îg¸M·#ÅN¸MÖS·#ÖS·#ØSÇ¼·±¹¼¹0ºvÅN¸Ý·¸
Û
·¸MÖÇ¼»±·#ØJ¤.ÇHÑ ¤¥¶±ÅNÔÕSÓM¹0Ð0ºvÅN¸Ä¤¥ÖSÅN¸M¶%Ñv·%Ð¼·ÔÜØM¹¡ÖS·%¹¼·%ØSÇ¼ÅNØJ¤
Û
·Ç¡¤.Óê,ÖS·Ñ ò
ÖÓìâÇ¼ÅN¸iÐÞØSÇ¼ÅßCÅÒiÓJ¤.¸Ð%Ñ)×Æ·eïØJ¤.¸M¹¼ºvÅN¸PÖÓÄÔ¦¤.Ð¼»Ç0º ¤.ÓÄ¸MÅN¸P·¸M¶±ÅNÇ¼·©¶±ÅN¸M¹0ÓSÔÝ»
à
îg¸ÍØSÇ¼ÅNÕSÑ@ÔÝ·©¹0ÓSÕM¹¼ºv¹0Ð¼·
¤ßC·±¶©Ñv·±¹¾¹0º\ÔÓSÑ ¤.Ð0ºvÅN¸M¹ÐéP!ÞÑ ¤¹¼ÓSÇ0ØSÇ¼ÅÖÓM¶Ð0ºvÅN¸ﬂÖX×Æ»Ñv»ÔÝ·¸iÐ¼¹ÖÓPØSºv¶ÙÖÓWâ·ÇÏÇ0ºv¶¼ëM·±¹%·¸P¸M·ÓSÐ0Ç¼ÅN¸M¹ÞSÒÓSº
ØsÅNÓSÇ0Ç¤.º\ÐﬂÐ0Ç¼·PÇ¼»±¹¼ÅNÑ\ÓRØJ¤.ÇÜÑv·±¹¹0º\ÔÓSÑ ¤.Ð0ºvÅN¸M¹ÜÔÓSÑ\Ð0ºvÖº\ÔÝ·¸M¹0ºvÅN¸S¸M·Ñ\Ñv·±¹
à

»¤.¸SÔÝÅNº\¸M¹ÞA¶±·±¹ÜÖS·Ç0¸Sº@Ç¼·±¹
¹ÅN¸iÐ·¸M¶±ÅNÇ¼·¥Ñ\º\ÔÜº\Ð¼»±·±¹ØJ¤.ÇÖS·±¹%ØSÇ¼ÅNÕSÑ@ÔÝ·±¹ÙÖS·©Ç¼»±¹¼ÅNÑ\ÓSÐ0ºvÅN¸çÌsîgº\Ñ\Ñv·ÕSÇ¤.¸MÖÐï

ºv·ÔÝ·ﬁêC·Ç]û5Û5Û5ÛCÚ
à
ÚÝ;óFUZòzCIÝ;ô.ò
ñ
CIÝð ñ6òNóôµó0òNõIôµðköﬀóÏà
ÒiÓM·ÑvÒÓM·âTÅNºv¹#ÖM¤.¸M¹%Ñv·±¹#·eïØq»Ç0ºv·¸M¶±·±¹Ð¼·Ç0Ç¼·±¹0Ð0Ç¼·±¹ÞÑ ¤ÜÖS»^ÔO¤
Û
Ç¤.Ð0ºvÅN¸
Ð0ÓSÇ0ÕSÓSÑv·¸Ð¼·¹·¥Ð0Ç¤.¸M¹âTÅNÇ0ÔÝ·¹0ØsÅN¸iÐ¤.¸M»ÔÝ·¸iÐ©·¸aÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸RÌ÷Ö%bf%Ø0b'jÙNcÂjrÙË÷Ö±jrÙNcOb'jÙNcùøﬀØ0bNc8ú
ÛejÙNcÅNÓ4!'!
$
Ú
à
L,ÑâÓSÐ©¹¼Ó
Û'Û
»Ç¼»LÌ û©ëMÅ

ëSÑvÅ¯ß'éµêRê5é¸)kèÂÅÅ'¹¼Ñv·ﬁêüïýèÂ·¤±ßC·Ç°éµêRêÚÙÒÓM·ÖS·Ð¼·Ñ\Ñv·±¹
?Ok þÅó\ﬂﬃÚß(óaÜÝJC 5f òﬁÓ;ó0Ü

CkÝÚÐ0ÞgU9ô
ñ
Ü ó\¹àYóﬁô
Ð0Ç¤.¸M¹0º\Ð0ºvÅN¸M¹PØsÅNÓSßN¤.ºv·¸ÐÄ¹·aØSÇ¼ÅÖÓSº\Ç¼·³ÖM¤.¸M¹ÍÑv·±¹ÄÖS·Ç0¸Sº@Ç¼·±¹ÄØSëJ¤N¹¼·±¹ÄÖS·ðÑ)×Æ·eïØSÑvÅ'¹¼ºvÅN¸WÖX× ÓS¸M·è¸J¤.º\¸M·
ÕSÑ ¤.¸M¶¼ëM·Üò¦Ñ ¤ÝÔ¦¤N¹¹¼·ÖS·Ëá¡ëJ¤.¸MÖÇ¤N¹¼·

ëJ¤.ÇÞIâÅNÓSÇ0¸Sºv¹¼¹¤.¸iÐ¤.º\¸M¹0ºtÓS¸M··eïØSÑ\ºv¶¤.Ð0ºvÅN¸»Ñv»
Û
¤.¸iÐ¼·ØsÅNÓSÇgÑ ¤
¶±ÅNÔÕSÓM¹¼Ð0ºvÅN¸Ñv·¸Ð¼·Hº\¸Sº\Ð0º ¤.Ñv·¡¸M»±¶±·±¹¼¹¤.º\Ç¼·¡ØqÅNÓSÇtÒiÓM·Ñ)×Æ»Ð¼ÅNº\Ñv·¡·¸Ð0Ç¼·¡·¸:·eïØJ¤.¸M¹0ºvÅN¸ﬂÌ¹¤%ÖS·¸M¹¼º\Ð¼»Hß'¤%ÖSÅN¸M¶
ÖS»±¶Ç¼Å.]vÐ0Ç¼·¯Ú¤ßN¤.¸ÐÑv·ÜØJ¤N¹¹¤
Û
·ÝÖS·Ñ)×ÆÅN¸MÖS·¦ÖS·¦ÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸7Þ<Ç¤.ØSºvÖS·'Þ7ÒÓSºß'¤PØSÇ¼ÅÖÓSº\Ç¼·¦ÓS¸M·
Û
Ç¤.¸MÖS·
ÒÓJ¤.¸iÐ0º\Ð¼»©ÖX×Æ»Ñv»ÔÝ·¸iÐ¼¹#ÖS·ÙÔ¦¤N¹¼¹·º\¸Ð¼·Ç0ÔÝ»±Öº ¤.º\Ç¼·ÖS·
Û
Ç¤.¸MÖS·gßº\Ð¼·±¹¼¹¼·Ì®æ
Û
ÓSÇ¼·Ðí
à
Ú
à
!Ù·Ù¸MÅNÔÕSÇ¼·ÓM¹¼·±¹
¹0º\ÔÓSÑ ¤.Ð0ºvÅN¸M¹ÏòËéP!÷ÅN¸Ð¡Öﬀ±¹HÑvÅNÇ¼¹HÖS»ÔÝÅN¸iÐ0Ç¼»gÑ ¤¥¶¤.ØJ¤N¶º\Ð¼»gÖS·#¶±·#¹¼¶±»¸J¤.Ç0ºvÅ:ò©Ç¼·ØSÇ¼ÅÖÓSº\Ç¼·Ñv·±¹H¹0Øs·±¶Ð0Ç¼·±¹
·ÐHÑv·±¹Ï¶±ÅNÓSÇ0Õs·±¹¡ÖS·gÑ\ÓSÔÜº@Ç¼·gÖS·±¹[G

·Ly¤¦Ìsî	·^ÔMºv¶ë¹ï û©ëMÅ

ëSÑvÅ¯ßiéµêRê
?
ÚeÞ¤.º\¸M¹0ºOÒÓ7× ÓS¸M·Ù¤.ÕsÅN¸MÖM¤.¸M¶±·
Ç¤.ºv¹¼ÅN¸S¸J¤.ÕSÑv·¥ÖS·±¹%ØSÇ¼ÅÖÓSº\Ð¼¹%ÖS·©Ñ ¤:¸iÓM¶Ñv»±Å'¹ê¸Ð0ëd±¹¼·¥ØJ¤.Ç%Ç¤.ØSØsÅNÇ0Ð¤.ÓïÄ¤.ÕsÅN¸MÖM¤.¸M¶±·±¹#¹¼ÅNÑ ¤.º\Ç¼·±¹
à
!¥¤.¸M¹
Ñv·±¹ÔÝ·º\Ñ\Ñv·ÓSÇ¼¹ÝÔÝÅÖﬀÑv·±¹ÞÑ ¤èßº\Ð¼·±¹¼¹¼·ÄÖS·ÄÑ ¤ ÔO¤.ÔÜÔÝ·ﬂº\¸Sº\Ð0º ¤.Ñv·ﬂ·±¹0Ð¦¤N¹¹¼·ZÄÑv·¸iÐ¼·ÌéJçÖS·ÄÑ ¤ðßº\Ð¼·±¹¼¹¼·
ÖÓð¹ÅN¸OÚeÞO·ÐgÑ ¤ÝÐ0Ç¤.¸M¹0º\Ð0ºvÅN¸³·¸iÐ0Ç¼·:Ñ ¤¦ÖS»^ÔO¤
Û
Ç¤.Ð0ºvÅN¸³·ÐÙÑ ¤ÝÖS»Ð¼ÅN¸J¤.Ð0ºvÅN¸¹×Æ·
X·±¶Ð0ÓM·ßC·Ç¼¹gÓS¸M·ÖS·¸M¹0º\Ð¼»
ÖS·
Û	
Ô
àOá
¤¦Ô¦¤N¹¼¹¼·Ð¼ÅNÐ¤.Ñv·:ÖS·¸Sºv¶ﬀC·ÑAØSÇ¼ÅÖÓSº\Ð¼·ØJ¤.Ç©Ñ)×Æ·eïØSÑvÅ'¹0ºvÅN¸³ÖS»Øs·¸MÖèÖº\Ç¼·±¶Ð¼·ÔÝ·¸Ð
C/O
groupe de Si
groupe de Fe
Déflagration
Détonation
Libre expansion
Allumage
Déflagration/
Détonation
Transition
ÂÃÌÄÅﬂﬁ0ÆﬃÇ! #"6	%$
¨
¬®¬®°­ﬀß
¨
ý
ß¾®
¨
ß
¨
ý
Æß 
ý
ª
ý
ß)ª
 	'&
¨
3
¨
ß	
ý
ªóß° 	²ß
ý
¨
ß 
ý
¨
­ÏTª
ý
 )( ­
ý
ª
ý
¨

ý
ª
*
®
¨
ý
"6Yª,+-(
¨
þ
/.0ﬀÒµ.®	N214365575986
ÂÃÌÄÅ,ﬁ.Æ;:Ç!<
¨
Tª Yª
ý
"Òªy®
þ
µ Y­ﬀ¬ß)ªI 
¨
ý
®°ª ="\
ý
¨
Ê
  J²ß
ý
¨
ß	
ý
)ª²ß
¨
 	yª7>'ª
ý@?

ý
"²ß	
ý
 ¯ªH®
¨
 Yª
ý
Æß*
A
®
¨
±­Yªy®¬®°ª
¨
®	¬ªy­g®
¨
ß
¨
ý
Æß	
ý
ª
ý
ß)ªt®
¨
 J'&
¨
3
¨
ß 
ý
ª²ßX®
¨
 J²ß
ý
¨
ß	
ý
CB
¨
?

¨
"óß 
ý
 YªD$
¨
Tª YªE"
¨

*

ý
ª
ªßﬂ ﬀ
ý.ý
²ª
A
ßÆß)ª
ý
 ﬀ"
¨
ß
?
>.®
¨
)ªy®
¨
ß 
ý
ª
ý
ß)ªE"²ª²ßTß)ª
 Yª
ý
F.6)ªÏª²ß®
¨
$
¨
Tª[ Yª
ý
"6Òeªy®SªßAße­ﬀGÌ­ﬀ

þ
Ê
ß ²ß ±­.ª-1IHE$KJ CL-J²ßMLﬀN 365755986
ÖS·ﬂ¶±·Ð0Ð¼·LÖS·¸M¹0º\Ð¼»aÖS·ÄÐ0ÇﬀO.¸M¹0º\Ð0ºvÅN¸FÌßCÅNº\ÇËæ
Û
ÓSÇ¼·ií
àP
ÚRQHÒiÓSº#·Ñ\Ñv·eê)ÔTSÔÝ·ﬂØsÅNÓSÇ0ÇﬀO.º\Ð¦ÖS»Øs·¸MÖÇ¼·LÖS·ﬂÑUO
¶±ÅNÔÜØsÅ'¹0º\Ð0ºvÅN¸Lº\¸Sº\Ð0ºUO.Ñv·'ÞJòÜ¹7O±ßCÅNº\Ç#Ñv·©ÇﬀO.ØSØsÅNÇ0Ð¶#O.Ç0ÕsÅN¸M·¹0ÓSÇ#Å±ïWV
ÛX9Y[Z
Ì îÔ
Z
Ö[O
Z
Ð\O.Ñ
à
éµêRêRêCÚ
à
ØÏÙ
ÞgÞÌÚE]_^AÛa`bE`ÞdcfeﬂU<ÞgÌÚE]h^ !^8ÝRib-cI^Wiji#`gÌÝDbÜ,`Þ^_]_^!klk#`bE`õmeD^8ÝMbÜ,^!k#`iöeD^AÜcà
Ó
Y[Z@Y
O,n
Y[Z
ÕSÑUO
Y[o
ë
Z
Ö
Z
áHê'pØ
Z
ÓSÐ\O
ojo
ÓSÔÓSÑ
Z9q
Ó
Y[Zrojs
Ó
o
ë
Z
ÖX× ë[tÑIn\ÓSÔÖ
Zru2và
é
Pxwzy
ÞSÑUOÔO|{}{
Z
Ð
s
ÐﬀO.Ñ
Z
Ö
Z
Ñ)×~tÐ
s
n\Ñ
Z
tÐﬀO
Y
ÐKn
Y
â=t
q
n
Z
Ó
q}Z
ò:ÑUOÔO|{}{
Z
Ö
Z
á¡ëO
Y
Ö
q
O|{
Z
ëO
qà[
O
Y
{
ojZ
{
ojs|Y
ÖWn\Ð6n
s|Y
{ÞSÑ)× ë[tÑIn\ÓSÔ{×O.Ñ\Ñ\ÓSÔ
Z
òÑUO:ÕO|{
Z
Ö
Z
ÑUO
ojs
Ó
o
ë
Z
O
ojo9q
tÐ}t
Z	Z
Ð¡Ó
Y[Z	s|Y
Ö
Z
Ö
Z
Ö!tÐ
s|Y
O.Ð6n
s|Y
{
Z
Ø
q}s
ØO
ÛZ
ß
Z9q
{¡Ñ)×
Z
ïÐ}t
q
n
Z
Ó
q
ÞSòÐ
q
O±ß
Z9q
{¾ÑUO
ojs
Ó
o
ë
Z
ÖX× ë[tÑIn\ÓSÔLÞYÐﬀO
Y
ÖWnf{>ÒÓ7× Ó
Y[Zs|Y
Ö
Z
Ö
Zojs
ÔÜØ
q}Z
{}{6n
s|Y
{
Z
Ø
q}s
ØO
ÛZ
ß
Z9q
{>Ñ)× n
Y
Ð}t
q
n
Z
Ó
q
ÞO.Ñ\Ñ\ÓSÔO
Y
ÐtÑUO
ojs
ÔÕSÓ[{0Ð6n
s|Y
ÖÓ
o
O
q
Õ
s|Y[Z
{0Ó
q
{
s|Y
ØO|{}{ﬀO
ÛZ
Ö[O
Y
{PÓ
Y[Zs|Y
Ö
Z
Ö
Z
Ö!tÐ
s|Y
O.Ð6n
s|Y
{
Zjojs|Y
Ö[O,n
q}Zz
Ì
á
n\ß
Y[Z
éµêRê
v
Ú
àÏáZ
o
O
q
Õ
s|Y[Z
{¯×O.Ñ\Ñ\ÓSÔ
Z
O.Ñ
s|q
{¯Þ{
s
n\ÐO.Ó
ojZ9Y
Ð
q}Z
Ö
Z
Ñ)×~tÐ
s
n\Ñ
Z
ÞW{
s
n\ÐO,n\Ñ\Ñ
Z
Ó
q
{Ì
ojZ\Y
×
Z
{0Ð¾ØO|{
Z9Y[ojs|q}Z
Ð
q}X
{
o
ÑUO,n
q
ÚeÞ
Z
Ð
Ö
s|Y!Y[Z	Y
O,nf{}{ﬀO
Y[ojZ
òÓ
Y[Z\s|Y
Ö
Z
Ö
Z
Ö!tÐ
s|Y
O.Ð6n
s|Y
{
Z
Ø
q}s
ØO
ÛZ
O
Y
Ð%ß
Z9q
{ÏÑ)×
Z
ïÐ}t
q
n
Z
Ó
qàSá
O
Y
Ó
o
Ñft
s
{6V
Y
Ð0ë
X
{
Z@Z
Ð
Ñ
Z
{
ojs
Ó
q
Õ
Z
{ÙÖ
Z
Ñ\ÓSÔxn
X9q}Z
nf{}{0Ó
Z
{gÖ
ZrojZ
{gÔ
s
Ö
X
Ñ
Z
{r7Ł[ú/
;J
s|Y
Ð	tÐ}tØ
q}s
{0Ø
Zjo
Ð}t
Z
{
Z9Y
é
Z
Ð	{
s|Y
ÐÙòÝØ
Z
Ó
Ø
q}X
{
Z9Y
O
ojojs|q
ÖzO±ß
Zjo
Ñ
Z
{
s
Õ[{
Z9q
ßO.Ð6n
s|Y
{Þa{¼Ó
q
Ð
s
ÓSÐOß
Zjo
Ñ
Z
{ÐG
Z
L%OT{
s
Ó[{0ê)Ñ\ÓSÔxn
Y[Z
Ó[{
Z
{ÜÌ4#Ó!nIê
á
O.ØSÓ
Z9Y
Ð
Z
Z
ÐrO.Ñ
à
éµêRêRíCÚ
à7á
O{0Ð
q
Ó
o
Ð0Ó
q}Z
Ö
Z
Ñ
Z
Ó
q
{
Z'6Zjo
ÐﬀO
Z
{0Ð
o
O
q
O
o
Ð}t
q
nf{}t
Z
ØO
q
Ó
Y[Zxojs
Ó
o
ë
ZZ
ïÐ}t
q
n
Z
Ó
q}Z
Ö
ZTY
n
o

Z
Ñ
Ö
Z
ÖX× ë[tÑIn\ÓSÔ Ö
Z
ëO.ÓSÐ
Z
ßn\Ð
Z
{}{
Z
ÞO.Óê,Ö
Z
{}{0Ó[{Ö
Z
{xtÑftÔ
Z9Y
Ð}{ÜÖ
Z
ÔO|{}{
Z
n
Y
Ð
Z9q
ÔTt±ÖWnUO,n
q}ZZ
ÐÜÖÓ
oj
Ó
q
Ö
Z
â
Z9q7CY
n
o

Z
Ñ
à
fÎþ`ßE^AÜ,^!bEg Ûa]`^!iﬃÚD`aÞ 
þﬂ`kTbg

U0Ü,`aÝRi#k°ßÜCIÛ U<ÝDgi#`aÚÜ,kËßﬂk#kCg Þ`)k
Z
Óï¡{
o
t
Y
O
q
n
s
{
s|Y
Ð2tÐ}t:Ø
q}s
Ø
s
{}tj{©ÒÓO
Y
Ð2O.Óï{6VW{0Ð
X
Ô
Z
{{0Ð
Z
Ñ\ÑUO,n
q}Z
{@{0Ó[{
ojZ
ØSÐ6n\ÕSÑ
Z
{¥Ö
Z
Ö
s|Y!Y[Z9qY
O,nf{}{7O
Y[ojZ
O.Óï¢{0ÓSØ
Z9q6Y[s
ß|£Ö
Z
Ð¤VØ
Z
L%O
à
Ø¥
`aÚM¦ÝM^[gÌÝD`)kT Þ^8ÝM|eD`)kT`<Ý§kj¨k#i#©]_` EgÌÝD^[g ÜC`à
{
o
t
Y
O
q
n
s
ÖWn\Ð

Ö
s
ÓSÕSÑ
Z
Ô
Z9Y
ÐÖ!t
Û
t
Y
t
q
t

Ö[O
Y
{tÑ
Z
ÒÓ
Z
ÑSÖ
Z
Óï
Y
O,n
Y[Z
{tÕSÑUO
Y[o
ë
Z
{AÖ
Z
áHê'p
Z9Y
{6VW{0Ð
X
Ô
Z
Õ!n
Y
O,n
q}Z
{
s|Y
ÐﬂO.Ô
Z9Y
t
Z
{Aòª{×
Z


s|Y
Ö
q}Z9q
Ñ)× Ó
Y[Z
{0Ó
q
Ñ)×O.ÓSÐ
q}Z
ØO
q
{0Ó!n\Ð
Z
ÖX×~tÔxnf{}{6n
s|Y
Ö
Zq
O#V
s|Y!Y[Z
Ô
Z9Y
Ð
Ûq
O±ßn\ÐﬀO.Ð6n
s|Y!Y[Z
Ñ«gè
Z
ÕSÕ!n
Y
{éµêRë,¬QL,Õ
Z9Y
ï®­7ÓSÐ0Ó!
s
ß
éµêRë,¬Ú
à
î
Y[Z
â
s
nf{¾ÒiÓ
Z
ÑUO
Y
O,n
Y[Z
ÕSÑUO
Y[o
ë
Z
ÑUOÔ
s
n
Y
{ÏÔO|{}{}n\ß
Z
«ÔO,nf{%ÒÓ!nOÑ
Z
ØSÑ\Ó[{
Ûq
O
Y
Ö
q
O#V
s|Y
Ú
q}Z
ÔÜØSÑIn\Ð
{
s|Y
Ñ
s
Õ
Z
Ö
Z

so
ë
Z
Þ
Z
Ñ\Ñ
ZZ
{0Ð
Z9Y
Ð6n
X9q}Z
Ô
Z9Y
ÐﬂÖ!tÐ
q
Ó!n\Ð
ZZ9Y
Ñ)×
Z
{¼ØO
ojZ
Ö
Z
ÒÓ
Z
ÑvÒiÓ
Z
{¦ØRt
q
n
s
Ö
Z
{
s|q
Õ!n\ÐﬀO.Ñ
Z
{¯Þ
Ø
s
Ó
q
â
s|q
Ô
Z9q
Ó
Y
ÖWnf{ÒiÓ
Z
ÔO|{}{}nçâ	O.ÓSÐ
s
Ó
q
Ö
Z
Ñ)×~tÐ
s
n\Ñ
Z
Ø
q
n\ÔO,n
q}Z'àá
×~tß
s
Ñ\ÓSÐ6n
s|Y
ÓSÑ\Ð}t
q
n
Z
Ó
q}Z
ÖÓ¯{6VW{0Ð
X
Ô
Z
Ö!tØ
Z9Y
ÖÖÓÐﬀO.ÓïÖX×O
ojo9q
tÐ6n
s|Y7à
á
Z
Ô
s
Ö
X
Ñ
Z
OﬂØ
s
Ó
q
O±ßO
Y
ÐﬀO
ÛZ
ÖX×
Z
ïØSÑInvÒÓ
Z9qrY
O.Ð0Ó
q}Z
Ñ\Ñ
Z
Ô
Z9Y
Ð:Ñ)×O.Õ[{
Z9Y[ojZ
ÖX× ëVÖ
q}sNÛX9Y[Z
Ö[O
Y
{Ñ
Z
{¼Ø
Zjo
Ð
q}Z
Ö
Z
{YG
Z
L%O
à
L,Ñ
Z
ïWnf{0Ð
Z
Ó
YTojZ9q
ÐﬀO,n
YxY[s
ÔÕ
q}Z
Ö
Z
Ð
Z
Ñf{{6VW{0Ð
X
Ô
Z
{AÒiÓ!n!{
s|Y
Ð
q
teê
Ø
Z9q
Ð
s|q
nftj{Þ'Ö
s|Y
Ð³ë
s|Y
ÐÓ
Y[Z
Øt
q
n
s
Ö
Zs|q
Õ!n\ÐﬀO.Ñ
Z
{0ÓW°{ﬀO.ÔÜÔ
Z9Y
Ð¡Ø
Z
Ð6n\Ð
Z
«D±:éµíÙëOÚ>Ø
s
Ó
q
ÒiÓ
Z
ÑUO
ojs
O.Ñ
Z
{
ojZ9Y[ojZ
O,n\Ð©ÑIn
Z
Ó³Ö[O
Y
{ÙÓ
Y
Ð
Z
ÔÜØ[{¥Ö
Z³²
ÓSÕSÕSÑ
Z'à
æO
q
Ôxn
ojZ
{
ë{6VW{0Ð
X
Ô
Z
{ÞR{
Z
ÓSÑtÓ
Y
«Ìû¥æ
®v
¬)´´Zþ
P
¬)´5é¯ÚgØ
s
Ó
q6q
O,n\Ð
Oß
s
n
q
Ó
Y[Z
ÔO|{}{
Z
{0ÓSØt
q
n
Z
Ó
q}Z
òÜÑUOÔO|{}{
Z
Ö
Z
á¡ëO
Y
Ö
q
O|{
Z
ëO
qµ
æO
q
O,n\Ñ\Ñ
Z
Ó
q
{Þn\Ñ
Z
{0Ð[â
s|q
Ð#Ø
s
{}{6n\ÕSÑ
Z
ÒÓ
Z
Ö
Z
Ð
Z
Ñf{{6VW{0Ð
X
Ô
Z
{@O.Õ
s
ÓSÐ6nf{ﬀ{
Z9Y
ÐòÍÓ
Y
O.Ñ\Ñ\ÓSÔO
ÛZ
ÖÓ
o
O
q
Õ
s|Y[Z³Y[s|Y
ê
ojZ9Y
Ð
q
O.Ñ)Þ{0Ó!n\ßnÖ
Z
ÑUO
ojs|Y
ß
Z9q
{}n
s|Y
Ö
Z
ÑUO
Y
O,n
Y[Z
ÕSÑUO
Y[o
ë
Z
Ö
Z
áHê'p
Z9Y¶Y
O,n
Y[Z
ÕSÑUO
Y[o
ë
Z
Ö
Z
pê¤
Z
ê
waÛ
«GWO,n
s
ï·
s
Ô
s
Ð
s
éµêRêRëCÚeÞ
ojs|Y
æ
Û
Ó
q
O.Ð6n
s|Y
Ûq
Oßn\ÐﬀO.Ð6n
s|Y!Y[Z
Ñ\Ñ
Z
Ô
Z9Y
Ðn
Y
{¼ÐﬀO.ÕSÑ
Z
ÒÓ!n
ojs|Y
ÖÓ!n\Ð¦òLÓ
Y¸Z


s|Y
Ö
q}Z
Ô
Z9Y
Ðxn
Y
ÖÓ!n\ÐÜØO
q
O
ojo9q
tÐ6n
s|Y
«/¹º}º9»}¼9½4¾=¿|À
Á7ÀRÂ|ŁWº7¼6Â¯ÃÄ¿|ÅÅÇÆÈj¼
s
ÓÉMLá%ÚeÞ>Ö
s|Y
ÐÑ
Zxq
tj{0ÓSÑ\ÐﬀO.Ð
Z
{¼ÐÓ
Y[Z
tÐ
s
n\Ñ
Z
ò
Y[Z
ÓSÐ
q}s|Y
{Þ<ØSÑ\ÓSÐ}ÊNÐ:ÒÓ7×¬òÄÓ
Y[Z
GL%O
«GWO,n
s
ïË
s
Ô
s
Ð
s
éµêRë
P
Q
w¡so
ë!
s
ßn\Ð
o
ëï
á
n\ßn
s
éµêRê
v
Ú
à
GnXØO
q
O,n\Ñ\Ñ
Z
Ó
q
{%ÑUO:ÔO|{}{
Z
Ð
s
ÐﬀO.Ñ
Z
ÖÓ{6VW{0Ð
X
Ô
Z
Z
ï
ojX
Ö
Z
ÑUO:ÔO|{}{
Z
Ö
Z
á¡ëO
Y
Ö
q
O|{
Z
ëO
q
ÞSÑUO
ojs
O.Ñ
Z
{
ojZ9Y[ojZ2Z9Y
Ð
q
OCÌ
Y[Z
Ñ)×
Z


s|Y
Ö
q}Z
Ô
Z9Y
Ð
Z9Y
tÐ
s
n\Ñ
Z
ò
Y[Z
ÓSÐ
q}s|Y
{
«4
s
Ô
s
Ð
s
ï û
s|Y
Ö
s
éµêRê5é¯Ú
à
ÂÃgÄÅWﬁ0Æ;ÍËÇBJ CJß
ý#þ

*
L
*
NJ lJ
ý
L
ý
J
*
NFL
ý
",J
 lJÁ ﬃ~ÎÏ/J
ý
ß/J	$L=J1ÐÒÑ-ÓW8ªL7"%"dÔ/Ï'Õ¤L7ÖjÕ@×lJmNI( ØjÙµÊ
×#Ô/ÚÛ.'Ö,J@LﬀÜÕ¤L7ÜlÝrÞjÐ¢ß!à¤Þjá}âaBLrãLﬀNFJ'ÜCÔªäÇÞ9Ðzà¤Þjá'å/æ#ß
J%ç4ÕNJ¶Õ¤L7ÜlÝ§"'Ô/è~Õ/è;éjÜCJz×)( ê×,×CèÖCÛ7Õ/ÚÖë1Iã9Úè~Ô¡ìdí#âF37â í98
î
Ú7ÜCÔrNI( ØjÙC×lÔ/Ú7Û.%ÖCJ>DJ'Õ³äÇÞjÐzà¤Þjá'å=ï
ß
"%ÚﬀÔ=Ô/J%ç
î
ÚÖ,×¶L7Ü
Õ¤LﬀÜCÝ_×( Lﬀ"%"'Ô/Ï'Õ/èÚ7ÖðL7ÜﬃÊ×CJ%N
A
×CÜ|éjÜCJ%NÜ,ÖCJÒJ%Ö#ã9J'NFÚ
î,î
J
×lJrÕÙ
î
JrÛÏ%L7ÖjÕ/J³Ô/ÚÜCÛJmç=J
?
ÚﬀÔ/$KJÒ1ÇÕ¤LﬀÜCÝLﬀÜ|éjÜ,J%NÄç=J
?
Ú7Ô/$KJNFJ"%ñÄÜCÔ×CÏ%Û7Ï%Ö,Ï'Ô/Ï×,LﬀÖ,çENJ%çÄÛ7Ï6L7ÖjÕ/J%çDÔ/ÚÜ,Û7J%ç¤8dâ
òWÚ7ÜCÔäÇÞjÐzà¤Þjá'å=ï
ßó
ÞjÐ
ß
à¤Þjá
ó
äôÞjÐzà¤Þjá'å
æ#ß
>NI( Lﬀ"Ê
"'Ô/ÏdÕ/èFÚ7Ö"'ÚÖ|×lÜ,è~Õ
A
N;L
?
ÚﬀÔ/$LﬀÕ/èÚÖ×)( Ü,ÖCJ³J%Ö#ã9J'NFÚ
î,î
J
×lJmÕÙ
î
JrÛÏ6LﬀÖjÕ/J³Ô/ÚÜCÛJâDòWÚÜlÔKõö ÷³ø)äÇÞjÐzà¤Þ9á%å
ï
ß
ó
ÞjÐ
ß
à¤ÞjáMù¢äôÞjÐzà¤Þjá'å/ï
ß
>lN;L-"%ÚÜC"dØCJEÔ/Ï%ç=Ü,N~Õ¤LﬀÖ#Õ/J×)( ØjÙlú
×#Ô/ÚÛ.'Ö,J
*
Ô/ûCNFJ×lJ$L7Ö,è.'Ô/J¢ç4Õ¤L
*
NJJ'ÕÒ"'ÚÖ,ç4Õ¤LﬀÖjÕ/Jâ
òWÚ7ÜCÔ×lJ%çaÕ¤LﬀÜCÝ×( L7"%"'Ô/ÏdÕ/èFÚ7Ö
î
NÜ,ç
?
L7è
*
NJ%ç%>lNFLﬂ"%Ú$
*
Ü,ç4ú
Õ/èÚÖ×CJNFLE"%Ú7Ü,"¤Ø,J×( ØjÙC×lÔ/Ú7Û.%ÖCJ×CJ'ãlèJ%ÖjÕ!èÖCç4Õ¤L
*
NJâ9BL
ã7L7NJ%ÜlÔüDÐ
ß
J%ç4ÕMNFL$L7ç=ç=Jﬂ×CJÄNI( J%Ö#ã9J%NÚ
î,î
J×)( ØjÙC×lÔ/Ú7ú
Û7.%Ö,J	L7"%"'Ô/ÏdÕ/Ï%J@L7Ü$KÚ$KJ%ÖjÕ×CJ\Nf( LﬀNFNÜC$L7ÛJ×CJ	NI( ØjÙ#ú
×#Ô/ÚÛ.'Ö,Jâ1fýè~Ô/Ïﬂ×CJÄþEÚ7$KÚ7Õ/Úª365ß 8dâ
Ø
¢^[gÌÝD` Þ^8ÝD|eM``iR]ÎßE^AÛIÝDIÝÝDIÝﬀb0Û<ÝaÜßà
{
o
t
Y
O
q
n
s
	
n

{}n
Z

Z9Y

	
tt
Y
t
q
t
	
O
Y
{
Zﬁﬀ[Z

ﬀ!Y[ZY
O,n
Y[Zﬃﬂ
UO
Y[o [Z!	!Z
á"'p O
ojo9q}X

Z#	!Z
UO$O%6n
X9q}Zªq
n
o&[Z	Z9Y'
V
	Wq}s

X9Y[Zs(ﬀq
n
o [Z
Z9Y)
tIn
ﬀ

	!Z

ﬀ
nf{
ﬀ!Yojs
O%
Y[s|Y Y[s|Y*	
tt
Y
t
q
t+á#,
Z
{-.
Z
{
o
t
Y
O
q
n
s/ﬁﬀ
nﬂ{
Z

ﬂ

Z

Z

ﬀ
{
q
O,nf{
s|Y

Y
O
ﬂ

Z
O
o

ﬀ[Z

Z

Z9Y
0+*á
Z

Z9Y1	
O
Y
2
Z
ﬀO
ﬀ435	
,O
ojo9q
t6n
s|Y§Z9Y

q}Z
UO¶{
Zjojs|Y1	
O,n
q}Z¢Z
UO/
q
nO,n
q}Z
O
q
6, n
Y

Z9q
Tt
	
O,n
q}Z7	4ﬀ18ﬀ[Z
9UO
Y
O,n
Y[Z!:
OO
ojo9q}s
Ì;
q}Z
{7O7O|{ﬀ{
Z!	!s
nS
q}Z
{6n
ﬀ
t
	
O
Y
{
ﬀ!Y
n
Y

Z9q-:
O%
Z@q}Z
{-
q}Z
n
Y

	!Z<:
O%
Zﬀ!q
{Ò«®æ1
ﬀ!q}Z
í4+>=@?+BAnC
Z
ﬀO
ﬀ43*	
,O
ojo9q
t6n
s|YD	
,

V
	Wq}s

X9Y[ZÒZ
{-$
q}s
E
Z
6nÒ«GF 
 H
w
y

O
Y
?!UO
Y
O,n
Y[ZIﬂ
UO
Y[o [ZI:
OS
q}Z

Z
{6n
X

ZI	
,~t
q-ﬀ
6n
s|Y
{-{
ﬀ

Z9q
æ
o
n
Z

Z
{\«
Y[s0:
O@?
8ﬀ
n
:s|Y

Z3

ﬀ
f{
Z9q

ﬀ
{
	!Z
O%6n
X9q}Z
8ﬀ[Z
6,O
ojo9q
t6n
s|YY[Z

Z9q

Z

	
,
Z9Y
)O%
Y[Z9q<J
6,~t
s
n
ZY[Z

Zﬀ

	!s|Y[o
O|{rO
ojo9q}s
Ì;
q}Z
{ﬀOKO|{}{
Z	!ZxojZ
-
Z
ML þ`)kTkONßﬂ`8P%QD 4R ileD`ﬁP|]_SQ9NMﬁTU^[gVP,`)kXW¢`9^
O
Y
n
X9q}Z
+SY
s(ﬀ!q#ﬀ!Y
ﬀO
ﬀ43/	
,O
ojo9q
t6n
s|Y

s8	
t
q
t
aZ9Y

q}Z
 H
Z

u
9Z
w¶y
O
Y
ﬀO
Y1	
nf{
8ﬀ[Z
6,

tIn
ﬀ


Zﬀ
m{0,O
ojoﬀ

ﬀ

Z9q
«V[
s|q
O
Y
O,n
Y
{6n
ﬀ!Y[ZÒojs(ﬀ[o [ZX	
,

tIn
ﬀ

	
tt
Y
t
q
tO?

UO
Y
O,n
Y[Z'ﬂ
UO
Y[o [Z Z
{-76,
s(ﬂW6Z

	!Z

Z9q

Z2	!Z
O|{}{
Z2\o
O
ﬀ
{
Z2	!Z
{
']
O|{
[Z
{
^	!Z
UO
ojs(ﬀ[o&[Z<	
,

tIn
ﬀ
 «
ﬁﬀ
n_
Zﬀ:Z9Y

Z9Y

Z9Y1	Wq}Z9q`	!Z
{
Z3

s
{6n
s|Y
{
	!Z
¤V
Z
{
ﬀﬂ
ba

O
Y1	Wq
O|{
Z


O
q
?+9a
ZrY
,
Z
{-
8ﬀ[Z7	
O
Y
{
ﬀ!Y[Z2q
tn
s|Y
t
q}s
n
Z
O
ﬀ

s(ﬀ!q!	!Z
 9Z
w y 
O
Yc8ﬀ[Z
6,

V
	Wq}s

X9Y[ZxZ
#6,

tIn
ﬀ
 O
ojo9q
t}tj{
ﬂ!q-d

Z9Y

	!Z
[/O(e
s|Y
{-ﬀO
ﬂ

Z
O
ﬀ

Z9Y
ﬀO
Y
7
q}s

q}Z
{}{6n
:Z


Z9Y
UO^O|{ﬀ{
ZX	!Z
UO
Y
O,n
Y[ZXﬂ
UO
Y[o [Z
+CY
s(ﬀ!q<	!Z
{fﬀO
ﬀ435	
,O
ojo9q
t6n
s|Y
t
Z:
tj{

{
ﬀ
t
q
n
Zﬀ!q
{
\^ﬁﬀ[Z

8ﬀ[Z
{
 9Z
wzyE
O
Y
UO
Y
O,n
Y[Zgﬂ
UO
Y[o [Zh:
O{
Zg	
nUO%
Z9qMbﬀ
{
ﬁﬀ
,
\#ﬀ!Y[ZKojs|Y4i

ﬀ!q
O%6n
s|YX	!Z
¤V
Z
t#O
Y

Zq}s(ﬀ

Z
[
s|q


Z9qgﬀ!Y[Z@Z9Yﬁ:Z

s

Z2ojs

ﬀ!Y[ZrZ9Y

s(ﬂ
O
Y
h
Z
{
	!Zﬀ43
t
s
n
Z
{O+a
Z

Z
{j
o
n
:s|Y
ªO%
s|q
{ª{-!n
q
O%
Z9q
6,
ﬀ!Y[Z!:Z9q
{
6,O
ﬀ

q}Zk\To
O
ﬀ
{
Z`	!Z
{I[
q}s
-
Z

Z9Y
}{
:
nf{
8ﬀ[Zﬀ43
n
s|q
ﬀO
Y
}{


s(ﬀ!qhi[Y
O%
Z

Z9Y
2O
ﬂRs(ﬀ
6n
q
t
:Z9Y

ﬀ[Z

Z

Z9Y

\#ﬀ!Y
{6VW{-
X

Zgﬂ
n
Y
O,n
q}Zh	!s(ﬀﬂ

Z

Z9Y

	
tt
Y
t
q
t

O%
q}X
{C
Z9q

ZI	!Z
O|{ﬀ{
Z
«
:Z9Y
}{O+++l?«6aO|{}{6nf{}n
Z
-O%6+1mµêRêRë@?+

,O%
q}X
{
²
O
o 
nf{
ﬀ
«=´
vv
mO?

UO
Y
O,n
Y[Zfﬂ
UO
Y[o&[Z

s(ﬀ!q6q
O,n
ojs

Z9Y[ojZ9q`\
{
s(ﬀ4nZ9q.ﬀ!Y
[
s|q

:Z9Y
mO
ﬀ

	!Z

\
	4ﬀ
ﬀO
ﬀ43E	
,O
ojo9q
t6n
s|Y§o9q
n6n
8ﬀ[ZX	!ZK8ﬀ[Z

8ﬀ[Z
{T kZ
wzy
O
YEZ
S
o 
O
Y
O,n
Y
{6noUO
Y
O,n
Y[ZKﬂ
UO
Y[o [Zp	!Z
{0,
Z


s|Y1	Wq}Z9q2J
UO
ﬂ
n
Y
O,n
q}Z
)O
q 	!Z
O%
s|q
{2{7O {}tO
q
O%6n
s|Y
6,

V
	Wq}s

X9Y[Z2ﬂ!q-d

Z<	!Z
O
Y
n
X9q}Z
{-ﬀO
ﬂ

ZZ

ﬀ!Y[Z
ojs(ﬀ[o [Z#	
,

tIn
ﬀ
q
Zﬀ

q}s
{}{6n
qr\$ﬀ!Yq
V


Z
t)O%O
ﬀ
ﬀO
ﬀ43o9q
n6n
8ﬀ[Z
+8s
Z
{
ﬀ!q

ﬀ
{O
ojo9q
t}t\tﬀO
Y
Kt
%Zjo
}t
O
:Zjo

ZI:Z9Y
0+a
Z
UO³O
ﬀ

Z9Y

Z
UO
q
tn
s|Y'	!Z
6,
Z
{-O
ojZh	!Z
{"O
q
O%
X

q}Z
{r
s(ﬀ!q

Z
{
ﬁﬀ[Z
f{"UO
Y
O,n
Y[ZIﬂ
UO
Y[o&[Z

Zﬀ
ªO
ojo9q}s
Ì;
q}Z
{ﬀOtO|{}{
Z
+
s
Z

q}s
t
Y
n
Zﬀ!q

Zﬀ
	O,n
Y
{}nDS
q}Z
{
s
n
ﬀ!Y[ZrY[s0:
O
q
t
oﬀ!q6q}Z9Y

Z
{
s
n
ﬀ!Y[Z
t
s
n
Z
{6V
ﬂ
n
s
6n
8ﬀ[Z³s(ﬀZ9Y[ojs|q}Z
ﬀ!Y[Z
{
s(ﬀ!q}ojZouv	
n
Z!w
ŁlÈ!¼»
w
¿-x½y$z¤»6Æ({
w
¿|Ł»6ºﬀ¼+`|
Y
kj¨k#i#©]_`kj¨M]¡ Eg[ilgU}ND`
Z
{-
ﬀ!Y
{6VW{-
X

Zoﬂ
n
Y
O,n
q}Z
zero 
age
common
envelope
evolution
MS
M1=0.9-1.1Mo
M2=0.9-3Mo
a=40-400Ro
P=30-800 day
C+O core 
and MS starC+O
(A)
(B)
(C)
(D)
super-
wind
phase
MSMS
MS
M1=4-9Mo
M2=0.9-3M
a=1500-
      30000Ro
super wind
C+O
MSC+O
AGB
1fL989~[ã9ÚNÜlÕ/èFÚ7Ö
î
Ô/Ï'"%Új"%J
MS
M1=0.9-1.2Mo
M2=0.9-3Mo
a=40-400Ro
P=30-800 day
C+O core and
main-sequence
starC+O (D)
RG
(E)
He
strong wind and
mass-stripping
from red giant
RG
(F)
He
wind
RG(G)
He
H
SN
RG
SN Ia explosion
(H)
He
H
red giant with
helium core
mass transfer
wind stops
SSS phase or
recurrent novaC+O
Ia
1
*
8k~ã9Ú7NÜCÕ/èÚÖ	Õ¤L}Ô¤×Cèã9J
BU_Rﬁ fWò!Ô/ÚÛ7Ï%Ö,è~Õ/J%ÜlÔ×lJEÕÙ
î
JÏdÕ/ÚèNJç4Ùl$
*
èÚ7Õ/èFéjÜ,J-1ÇÕ/èÔ/Ïﬂ×lJBLﬀ"dØCèç=Ü$ l3}8dâ
ojs

s
{}t
	
,
ﬀ!Y[Z
t#O
Y

Zq}s(ﬀ

ZKZ

	
,
ﬀ!Yojs
O%
Y[s|YTojs
O
o

ojs

Zoﬀ!Y[ZY
O,n
Y[Zoﬂ
UO
Y[o&[Zﬁﬀ
n[O
ojo9q}X

Z
UOoO%6n
X9q}Z

Z9q 	4ﬀ[Z
O
q
6,~t
s
n
Z
t#O
Y

Z
{
s(ﬀ
{9[
s|q

ZC	!ZC:Z9Y
}{0+OsDOgt
q
n
s8	!Zﬂs|q-ﬂ
nﬀO%
Z:
O
q
nUO
Y

	!Zﬁﬀ[Z

8ﬀ[Z
{
	
nIlO,n
Y[Z
{
\f8ﬀ[Z

ﬁﬀ[Z
{
ojZ9Y
ﬀO,n
Y[Z
{
	!Z6s(ﬀ!q
{

UO{}tO
q
O%6n
s|Y/	!Z.8ﬀ[Z

8ﬀ[Z
{
	
nIlO,n
Y[Z
{
\f8ﬀ[Z

ﬁﬀ[Z
{
ojZ9Y
ﬀO,n
Y[Z
{
	!Zq
OjV
s|Y
{\{
s
UO,n
q}Z
{m«
:s
n
qIi

ﬀ!q}Z7Ł
+l?+
|
Y[Z1k8*_O2X0v_0¶Z
{-
ojs

s
{}t
Z	
,
ﬀ!Y[ZxY
O,n
Y[Z2ﬂ
UO
Y[o [ZZ

	
,
ﬀ!Y ojs
O%
Y[s|Y

ﬀ
{
O|{}{6n[

t
s
n
Z.	!Z
UO{}t
8ﬀ[Z9Y[ojZ

q
n
Y[o
nO%
Z@q}Z
Inf{}{ﬀO
Y
\{
s|Y

s(ﬂZ.	!Z

so [Z
+

O
Y
{
ojZ@o
O|{

UOtt
q
n
s8	!Z
*!QD`ﬁP%ilgU}ND`bE`TdcI`¦BTklgMQ  
M1=6-9Mo
M2=2-3Mo
a=60-300Ro
zero 
age
unstable
mass
transfer
He
M1=0.9-1.8Mo
M2=2-3Mo
a=4-30Ro
M1=0.9-1.1Mo
M2=2-3.6Mo
a=4-40Ro
P=0.5-5 day
 
He-star
and
MS star
helium
mass
transfer
helium-rich
envelope of
the secondary
(A)
(B)
(C)
(D)
(E)
(F)
H H
H
He
He H
CO
He
MS
common
envelope
evolution
H
He
C+O WD
H
H
H
1fL8k~ãÚNÜCÕ/èÚÖ
î
Ô/Ï%"%Új"'J
helium-rich
envelope
of the
secondary
M1=0.9-1.1Mo
M2=2-3.6Mo
a=4-40Ro
P=0.5-5 day
helium-
enriched
mass
tarnsfer
SN Ia
explosion
(F)
(G)
(H)
(J)
(I)
C+O WD
H
He
MS
wind
SN
wind stops
strong
winds
from 
C+O WD
1
*
8k~[ã9ÚNÜCÕ/èÚ7Ö	Õ¤LﬀÔ¤×lèFãJ
BU_aﬁ@¢¡<Wò!Ô/ÚÛ7Ï%Ö,è~Õ/J%ÜlÔD×CJÕÙ
î
Jr£¤ ¥¦¨§_£©«ª¨¬­C®;§°¯&±h£(©¤0§°²³¦K1ÇÕ/èÔ/Ïﬂ×lJ_Lﬀ"dØCèFç=Ü! l3}8dâ
s|q-ﬂ
nﬀO%
ZZ
{-
ﬀ
{"
Z
6n
Z	!Z

ﬀ
nf{
ﬀ!Y[Z
[
q
O
o
6n
s|YK	!Zﬂ%s(ﬀ!qDbﬀ
{
ﬁﬀ
,
\7ﬁﬀ[Z

8ﬀ[Z
{
6s(ﬀ!q
{

O
:Zjo#ﬀ!Y[Z
{}tO
q
O%6n
s|Y
:
O
q
nUO
Y

Z9Y

q}Z$8ﬀ[Z

8ﬀ[Z
{
q
OjV
s|Y
{	{
s
UO,n
q}Z
{
Z

8ﬀ[Z

ﬁﬀ[Z
{
	
nIlO,n
Y[Z
{
	!Zq
O#V
s|Y
{ª{
s
UO,n
q}Z
{³«
:s
n
qgi

ﬀ!q}Z7Ł
+>´@?+
s
Z
{
QMµR¶P%)ﬁN·P%PC`QRi#`)k
O%O
q
O,nf{}{
Z9Y

ojs

Zt	!Z
{tﬀO%
Z
{
	
O
Y
{ﬃ
Z
{{
o
t
Y
O
q
n
s
{!
Z
-ﬀO
Y

Z9Y6Zﬀ

Z
{
	!Zﬀ43
dV8
Z
{
	!Z

q}s
t
Y
n
Zﬀ!q
{«
²
O
o&
nf{
ﬀ¸º¹
O%
s
´
vv
mO?+
»$¼³½ ¾*¿tÀBÁSÂIÃÄSÅ Æ!Ç`ÀÉÈtÀËÊOÌ6ÀÍ.ÎfÊ ÏIÐÅ&ÏI¿
sC,~t
Y[Z9q
n
Z

s
ﬀO%
Z
In
ﬂ
t
q
t
Z
O
q
UO
ojs

ﬂﬀ
{-6n
s|Y Yﬁﬀ[o
ft#O,n
q}Z¡Z
{-
	!Z
6,
s|q 	Wq}Z/	!Z/ÑﬃÒÓMÔ;Õ¶u×Ö@ØÙ Ù)Ú1
{
s
n<UO
[
q
O
o
6n
s|YÑhÒÓMÔ;Õ0ÛÜÞÝ¨ßruáàhâ@Ö@Øã
Ù
	!Z
UOtO|{}{
Z.	!Z
UO
Y
O,n
Y[Z$ﬂ
UO
Y[o [Z
+
sC,~t
Y[Z9q
n
Z`	!Z
InUO,nf{
s|Yp	
,
ﬀ!Y

s
IV
q}s

Z2Z
{ 
	!s|Y!Y
t
Z
O
q
«6ä
s(ﬀ!q

s(ﬀ

[s|Y
m0ååå@?
J
Ñgæèç>Õjçèéêáë/ìí
ëcî
à
í
ëðï
âñ
Ü
ß
ò
«
Ł
+
Ł
¬8?
í
tﬀO
Y
$6, n
Y1	
n
ojZ
O
	
nUO
ﬂ
O%6n
8ﬀ[Z
+

O
Y
{.
Zxo
O|{
	
,
ﬀ!Y[ZxY
O,n
Y[Zfﬂ
UO
Y[o&[Z
6,~t
Y[Z9q
n
Z2	!Z
InUO,nf{
s|Y*:
OÒS
q}ZTojs

q
nf{
Z
Z9Y

q}Z2ÑIæèç>ÕjçèéêóØ
«
íõô
¬
(Ł
?
Z

Ñgæèç>Õjçèérêöë
ì
Û@÷
ñ
Üðß@Û
ò «
í
êóà@Û
ì
?+9Y
s(ﬀ!q.Ü
ô
m
w¡y¸Z
$ò
ô
PvvvKø


6,~t
Y[Z9q
n
Z7	!Z
InUO,nf{
s|Y
O
3
nO%
ZrZ
{-
Z9Yp:
O%
Zﬀ!q
O
ﬂ
{
s

ﬀ[ZKù ÑIæèç>Õjçèéù%úüûhâ@Ö@ØÙ ýfÚ
+
É\n
Y
{6n
ÑﬃÒÓÔ;ÕIþßù ÑIæèç>Õjçèéù)ojZh8ﬀ
n
Z3
In
ﬁﬀ[Z

s(ﬀ!q 8ﬀ[s
nSUO
Y
O,n
Y[Zﬃﬂ
UO
Y[o [Z

Zﬀ
S
q}Zªojs

X

Z

Z9Y

	
t
q-ﬀ
n
Z
O
q
6,
Z3

s
{6n
s|Y

[Z9q

s|Y8ﬀ[o
ft#O,n
q}Z
+
|
Y[Z
{
ﬀ

Z9q6Y[s0:
O
	!Z
¤V
Z 
O
Y[Z

q}s	4ﬀ
n
8ﬀ
,
Z9Yﬁ:
n
q}s|Y
m
	!Z
6,~t
Y[Z9q
n
Z

q}s8	4ﬀ
n
Z
O
q<ﬀ!Y[Z
{
ﬀ

Z9q6Y[s0:
O

q
O
:
nﬀO%6n
s|Y!Y[Z

Z
O,nf{
ﬀ!Y[Z

q
O
Y1	!Z
O
q
6n
Z#	!Z	ojZ

Z

o
n
Z
{-n
Y|%Zjo
}t
Z!	
O
Y
{r6,~t
Y[Z9q
n
Z@o
n
Y
t6n
ﬁﬀ[Z!	!Z
UO$O%6n
X9q}Z
t
6Zjo
}t
Z
+aÉ\n
Y
{6n

6,~t
Y[Z9q
n
Z

ﬀ!q}Z

Z9Y
.Tt
o
O
Y
n
ﬁﬀ[Zf	
,
ﬀ!Y[Z
A
 
O
Z
{-
	4ﬀ
TS
Zms|q 	Wq}Zf	!Z

q
O
Y1	!Zﬀ!q!8ﬀ[Z³ojZ

Z
	
,
ﬀ!Y[Z
A
  IJ!uüÖØ
Ù-Ù
Ú
+a
Z
-
Z
t
Y[Z9q
n
Z
tﬀO
Y

ojs|Y[ojZ9Y

q
t
Z7	
O
Y
{
ﬀ!Y[Z
O|{}{
Z

ﬀ
{o[/O,n
ﬂ

Z
«jm+ ¬
w¶yojs|Y

q}Zmu
m
v³w¶y

s(ﬀ!qoﬀ!Y[Z
A
  
?

UO
:
n
Z
{}{
Zo
O
q
O
o
}t
q
nf{-6n
8ﬀ[Z.	!Z
{
Z'%Zjo
ﬀO
Z
{-o
ﬀ
{Kt
Z:
t
Z
m
vvvvf\
´
vvvv`ø

â
{
ã
+
	 
`)kTkON·ﬂ`8P%QDµ4R ileD`ﬁP|]_SQ9NMﬁTU^[gVP,`)kXW¢`9^
»7¼ ÏIÇ7Á	'ÀËÈtÀËÊ Ç ÅﬀBÁSÀﬂﬁ0ÄﬃtÃ_ÏgÁkÅ À 
s
Z
{{
ﬀ

Z9q6Y[sO:
£
	!Z
¤V
Z 
Oz{6V
Y


t6nf{
Z9Y

	!Z
{
ﬁﬀ
O
Y
6n}tj{Ò{}n
Y
n
io
O%6n
:Z
{
	!Z"!$#
ªn
ﬂZ
'
Zﬀ!qojs(ﬀ!q-ﬂZ/	!Z

ﬀ
xn
X9q}ZZ
{-mO%In
Z9Y
}t
Z
O
q

Z2	
tÊ(
	
O
Y
{7
Z
{
Z'%Zjo
ﬀO
Z9YZ3
O
Y
{}n
s|Y)	!Z

[s

s|Y
{`)O%O
Z

	!Z

s
{6n
s|Y
{

q}s	4ﬀ
nIO
q
UO
o 
OCÌ
Y[Z$	!Z$	
t
o9q}s
nf{ﬀ{ﬀO
Y[ojZ%!$#
\n'&
!$#
a
s
&
!$#)([Z
«
:s
n
qgi

ﬀ!q}Z
{
Ł
+>å@?+
+
7E   = 1.451   0
Ni   (t     = 6.10d)56 1/2
E   = 2.136   0+0
9E   = 1.720   1
+
+
4E   = 0.970   2
+
1E   = 0.158   3
+
0E   = 0.         4
0.750  (49.5)
56Co   (t     = 77.12d)1/2
0.270  (36.5)
1.56  (14.0) 0.812  (86.0)
0.480  (36.6)
0.158 (100)
EC (100%)
1fL98TBJ+*-,dþEè\ç4ÙlÖ#Õ/ØCÏ'Õ/èç=Ï
î
LﬀÔNI( J'Ý
î
NÚç=èÚÖ ×CÏ'"'Ô/Ú.FÕ
î
L}ÔM"6L
î
Õ/ÜCÔ/JÄÏ%NJ%"'Õ=Ô/Ú7Ö,èFéjÜ,JK1fê/8J'Ö0*-,1/RÚC>|L}ãJ%"ÄÜ,ÖCJ
×CJ'$KèúUã#èJ×lJ32lâ3-EGÚÜCÔ/ç%â
Co   (t     = 77.12d)56 1/2
Fe56
+
0E   = 4.566   4
+
+
+
+
17 +
11
+
8E   = 3.123   4
+E   = 2.085   4
+
1
+
E   = 4.12     320
E   = 4.10     419
E   = 4.05     318
E   = 3.856   3
E   = 3.445   3
2
E   = 0.847   2
E   = 0.0       00
1.36(4.3)
(27.9)
(16.7)
(21.9)
( 7.8)
( 2.4)
( 0.9)
(18.1)
EC b +
2.03(12)
1.77(16)
1.04(14)
1.24(68)2.6(17)
0.847(100)
0.99(2.8)
3.24(12.5)
1
*
8!BJ4*-,1/RÚèç=ç=Üª×CÜ5*-,dþEè|×lÏ%"'Ô/Ú.;Õ
A
N;L
?
Úèç
î
LﬀÔ"%L
î
ú
Õ/ÜlÔ/JDÏ'NFJ'"'Õ=Ô/ÚÖCè;éjÜCJ1fê/ú[ßl3$68RJ'Õ
î
LﬀÔÔ¤L7×CèÚ9Lﬀ"'Õ/èã#èÕ/Ï
78
14365968ﬂJ%Ö
*:,1;
J7>ç4Õ¤L
*
NJ>!L6ã9J'"KÜ,Ö,J×CJ%$Kè~úUã#èFJ×CJ
<=<
â3  DGÚÜlÔ/ç%â
BU_,ﬁ ?>I! #"dØCÏ%$L7ç)ç=è$
î
NèA@|Ï%ç×CJ%ç×CÏ%"dÔ/Úèç=ç/L7ÖC"%J%ç
*-,
þEèCB
*-,
/RÚDJdÕ
*:,
/RÚDB
*-,;
Jâ6BJ%çÏ%Ö,J'Ô/Û7èJ%ç!êFE|×CJ%ç)Õ=Ô¤L7ÖCç=èÕ/èÚ7Ö,ç
ç=Ú7ÖjÕJ%Ö\<	JHG>IRÏ'Õ¤L7ÖjÕNJEÖ#ÜC$KÏ'Ô/Úﬂ×CÜKÖCèFãJ6L7ÜJ'Ýl"%è~Õ/Ï1
î
Ú7ÜCÔRNf( Ï'Õ¤L}Õ
?
Ú7Ö|×CL7$KJ%ÖjÕ¤L7NI>IJ8dâlBJ%çRç
î
èÖ,çaJ'Õ
î
L}Ô/è~Õ/Ï%çç=ÚÖjÕ
Ï'Û9L7NJ%$KJ'Ö#ÕèÖ,×CèFéjÜ,Ï%ç%âLKEÖÕ=Ô/ÚÜ,ãJ'Ô¤L
î
NFÜCç×CJÄ×lÏ'Õ¤L7èNçç=ÜCÔ"%JdÕ=Õ/J"dØ,L.;Ö,J×CJÄ×lÏ%"'Ô/Úèç=ç/LﬀÖ,"%J×,LﬀÖ,çþEL×CÚ6ÙjÚ=M%Ø,èÖr1436575=Nj8dâ
OQPSRDPUT V%WYX[Z\W	]^3_a`3_b`3cXedgfihUjkjLW^\Xe_
!$#gl
hnm
!$#go
fim
!$#gp
_
sqsr2
ut

tkv
r
íxw
rr
ﬀ
r
	
q'y{z|Cyk}
w
tkv
!$#)~
w
&
!$#
a
t
í
s
q
t
z-q
v

ê×Ög÷@à
qUŁ

q<qsr
v
q
ﬀ
$z
w
vut
r

C
êüØ) îMÖ
q-Łf+
siy
	
|s}9z
t
w
rry
v
}sq
	4ﬀ
}
t(ﬂ
y%rq'[-y
w
r
t
w
tFyLz}Cy%
ﬀ
zq|qs}$z
tkv
w
8ﬀ
q
J
!$#
a
tã
&
!$#
(
q

í
s
	
y
v
rt´4m
	
qsr0}Cykr

r
t
w
.FyLz
	
|s}9z
t
w
rry
v
}sq
J!$#
a
t
&
!#k(
q


í
s	
y
v
r2m0å
	
qsr}Cykr0+9sqsr
í
q
t
z-q
v


ê
ì
ï@Ö+
q-Ł

qsr`
t
r
w
$z
tkv
r
çA 
ê ØgÖû{
qUŁ
	
,A|
v
q9z-
w
q}
w
v
|
w
ﬁﬀ
q

q`qsr
v
q
ﬀ
$z
w
vut
r
¡

êüØg£¢î+
qUŁt+
sq!y
ﬀ43p	
,A|
v
q9z-
w
q.z
t	4ﬀ
w
qqsr-
	tkvv
|sq.FyLz
J
¤
Ñ
¤s¥
ê
¡¦§1¨©¦§nª¦§«¡¬­®¨¯¬­kª¡¬­ °
Ł
+
Ł)±
?
tk²
ª¦³§
ê
ª¦§S´
âU
ãeµ©¶
E¸·

ª¬­
ê
ª¦³§H´
â
µ©¶
E
µ[¶
E
ãeµ[¹[ºk»

ãeµ[¹[º
·
ë"
ãeµ[¶
E?·1¼

¨¯¦³§
ê¾½ ¿`ûÛ
¥
ÁÀjß
¶
E
êüØ);ÖÖ
ì
ï
ì
ï5Â$t(ﬀ
zr
ã
q¨©¬­
ê¾½ ¿`ûÛ
¥
ÁÀjß¹[º
êüØgØ@Ø)¢gÃ)¢î÷ÄÂ1t(ﬀ
zr
ã

¡¦³§
ê

¶
E
q¬­
ê
¡
¹©º
«

çA 
¹©º
+
Åzy
	4ﬀ
w
qÄq
v
q9z-qsr
	
q.y%
v
w

ﬀ1	
qzq'y%
w
:
q

°
Ł
+
Ł)±
?
	tkvv
q
J
ë.ûgàÆ½ Ç)È
¤
Ñ
¤s¥
êÊÉõëðû);à«½ Ç)È
¦§n¨¯¦§

ã¯µ©¶
E?·
«¬­®¨¯¬­
¨¯¦³§
¨¯¦³§
ë
¨¯¬­

ãeµ[¹©º
·
ëb
ãeµ[¶
E?·
°
Ł
+
Ł
=@?
aq-qËzq'y%
w
tkv
qsr-2$zyk}s|sq+r
ﬀ
z<'y
i

ﬀ
zq
Ł
+mCÌ
\
}sÍ(|
	
qp'y}
t(ﬀ
z
ﬂ
q
	
qp
ﬀ

wÎ
zq
	
y
v
rK'y
ﬂ
y
v1	
q{ÏK+Csiy
r
w

w
'yLz
w
|0qsr-o[Ázy%Fy
v
q.y
w
r
v
|Cy
v

t
w
v
r¡q
v
FyLz-
w
q![
t
z-
ﬀ
w
q

'yÄ}
t(ﬀ
z
ﬂ
q
	
q!
ﬀ

wÎ
zq
	
y
v
rg'y
ﬂ
y
v1	
qÄÏ
v
q
ÐÑ'ÒÓ
\ÔÕgÖSNPL×3ØÙ4ØT«N4ÚÛHÜﬁPLØÝÞß·[ÖPkÛHØà á
zqz|srq
v
y
v

8ﬀ
,
ﬀv
qo[Ázyk}
w
tkv2	
qo6,A|
v
q9z-
w
q%|qs}$z
t
y%
v
|
w
8ﬀ
qh
t
y%qg
w
rqq
v"â!ﬀ:
zqsã+gä
ﬀ
w

ﬀ
r3qsr 
®vut(ﬀ
r
v
,åy
:gtkv
rhFykrIq
v8ﬀ
}
t
q
	
qsr¡y
ﬀ
$zqsrI

|
vut

Î
v
qsry®æqs}y
v
ﬃ'y}
t(ﬀ
z
ﬂ
q
	
q$
ﬀ

wÎ
zq

qq.'y
	
w
æ
ﬀ
r
w
tkv
+++
0.11 mag/jour
0.01 mag/jour
B«_Dç@£èCéceê©ëì1íïîð-ñ)òó®ò5ôåîLõ5öå÷ð-òùøSú
î
öüûCî®ò5ó[ý î®þLòùß:î
î
òð-þLí =ë ó®òùøSú
î
òÁëeóLëþLß3ôüë ñkë=þLó®ò
ì1íïõ
î
ëð
	1òùë=îøUëîóò5ó	1ìnð-íïöåß:ß-ë=þ®ì1òùðUëïóöüíïë=ìø-ö 9ò%óî
*:,
öò1þ
*:,
/	íó®ò5óò1õ5ö öåò³2Híïî®ð-ß4ònø
ó®î
*-,
/	í5ò1þ
*:,1;
òﬀóòQó®òõ5ö Cöåò
<=<
Áíïîð-ßﬁ
~
tﬃﬂtkv
rÄ}sq  q
v"!
y
v#ﬂ%$'&
q)(q*
w
}
tﬃ+
rq9z-,g|"q
v
(
&/.
w
vut
r
w
ﬂ
|
w
v'ﬂ
q9z-,
w
q
v'ﬂ
q
v
,
w
z
tkv5Ł0!
q
.
w21
,
w
qsry3z
Î
r
$#&
q*(q
v
w
}
ø
q (y
w
ﬂ
|
ﬂ
|4z
t5!6&
w
ﬂ8769
qs}
w
qsr
ﬂ:!6;0<
('y>=)zy
v"!
q
t
Fyk}
w
ﬂ
|
!
qsr³q
Â
qs}
ﬂ
y
Â&
r
ﬂ
q¡y3z
Î
r?(
@AqBA6/(
t
r
w
tkvC7
s@A|
v
q9z-=
w
q
!
|
1

t
r|sqFyLzD(q
v
w
}
ø
q ( °Ár
tﬃ&
rFE
t
z
.
q
!
qzyHG
tkvv
q
.
q
v#ﬂ
íI
qsr
ﬂDv
|Cy
v/.t
w
v
r
+
w
q
vtﬃ+
rq9z-,g|sq0°Áq
vt

ﬂ
w
$#&
q
I
/(
&
r
w
q
&
zr
Â$tﬃ&
zrJ/(
&
r
ﬂ
yLz
!K7MLN&
1
!
q (
<O!
q
±
Ì
Â1tﬃ&
zry3z
Î
rP(q
.
yA
w
.J&/.RQ
('y}
tﬃ&
z
+
q
!
qS(
&/.
wÎ
zq"zqBT
Î
ﬂ
qUFyLzVE-y
w
ﬂ
q
.
q
v#ﬂ
(
@Aqïæq
ﬂW!
q
!
|s}9z
t
w
rry
v
}sq
!6&
}
tﬃ+
y3(
ﬂ87
ODPSRQPYX
o
f[Z3d]\5_b`\_ ^ﬁZ:` h
aFdg__/bRb)dgW^³jc1_ud]bËdgW`\hUWdb)hc
eiy4E
t
z
.
q
!
q?('y%}
tﬃ&
z
+
q
!
q?(
&/.
wÎ
zq:z
Î
r
!6&.
yA
w
.J&/.f!
|  q
v"!
qsrrq
v#ﬂ
w
q (g(q
.
q
v#ﬂD!6&
E:y
w
ﬂF$#&
q:(qsr[/h
tﬃﬂtkv
r
t

ﬂ
w
$'&
qsr¡|
.
w
riFyLzW(q
!
|  Í
ﬂ

&
w
rNFyLzN('y
ﬂ
huq9z
.
y3(
w
ry
ﬂ
w
tkvj!
qsrW/h
tﬃﬂtkv
r
í
q
ﬂN!
qsrN
t
r
w
ﬂtkv
r
v
qr8@A|s}hFy3/ q
v#ﬂ
Fykr
w
.).
|
!
w
y
ﬂ
q
.
q
v#ﬂP!
qP('y"r
&
	q9z
vut
,ky
7C9
qsrk/h
tﬃﬂtkv
r
!t
w
,gq
v#ﬂ
q
v
E-y
w
ﬂ!
@åy
+	t
z
!
rqPz
t
Fy3=gq9z
<Sﬂ
zyH,gq9zr>(qsr
q
Â
qs}
ﬂ
y
t

ﬂ
w
$'&
q
.
q
v#ﬂ
| Fy
w
r
Q	tk²
w
(r
w
v#ﬂ
q9zy3=
w
rrq
v#ﬂ
y8,gqs}(qsrzy
w
qsrr- qs}
ﬂ
zy3(qsr q
ﬂ
(qsr| (qs}
ﬂ
z
tkv
rk(
w
+
zqsr
ÂV&
r
$'&
@
<
}sq
$#&
@
w
(rùr
t
w
q
v'ﬂl!
|s}Cy3(|srl,gq9zrl(q¡z
tﬃ&
=gq
!
y
v
r
&v
q¡z| =
w
tkvtk²
(
@
t
Fyk}
w
ﬂ
|qsr
ﬂ.t
w
v"!
zq
Q
y
&"$#&
q ( }Cykr
w
(r? q
&
,gq
v#ﬂ
r8@A|s}mhFy3/	q9z
7
9tﬃ.).
qU(qsr/h
tﬃﬂtkv
r
.
q
ﬂ-ﬂ
q
v'ﬂJ&vjﬂ
q
.
urn
v
w
<
|
.
q9z-=gq9z
!
qsr0q
Â
qs}
ﬂ
y
Q[<
('yr
&
w
ﬂ
q
!
q}sq
$'&
w
qsr
ﬂ
qsrrq
v
1
ﬂ
w
q (g(q
.
q
v#ﬂl&v
q)o
.
yLz}mhuqy
&
hFykryLz
!0pqQ
w
.).
|
!
w
y
ﬂ
q
.
q
v#ﬂ
y3z
Î
r(
@AqBA6/(
t
r
w
tkv
('y>(
&/.
w
vut
r
w
ﬂ
|
!
q4('yÄr
&
 q9z
vut
,)y
qsr
ﬂ
w
v
E:|9z
w
q
&
zq
<
(
@A|
v
q9z-=
w
q
!
| 
t
r|sq
!
y
v
r>(qsrÄq
Â
qs}
ﬂ
y
7
eq
.
yA
w
.J&/.r!
q)(
&/.
wÎ
zq"ys(
w
q
&t$#&
y
v"!
(q
ﬂ
y
&
A
!
q
!
|  Í
ﬂl!
qsrl/h
tﬃﬂtkv
r
!
qihFy
&/ﬂ
q |
v
q9z-=
w
qq
ﬂ
(q
ﬂ
y
&
A
!
@A|
.
w
rr
w
tkvR!
qi/h
tﬃﬂtkv
r
t

ﬂ
w
$'&
qsr5r
tkv#ﬂ4<
	q
&
z
Î
r5| =[y
&
A
u
ê©ë ì1íïîð-ñ)ò%ó®ò5ôåîLõ5öå÷ð-ò5ñ)í=ôåíïõﬀ	ø:ð-öüûsîLòùøSú
î
öüûCî®ò
î
ð
	ß:ò1þsø-ò5îLþLò
î
ð-ò1õ5öå÷ð-ò
î3v
ë=ß:ò%óò%ó	1ìð-í=öåß:ß-ë=þLìòë
î
ð-÷1ß\ôåòõ%ëöüõ³îLõYó®ò
ôåîLõ5öå÷ð-òñ)ò$ë=î®ì1íïî
î
õ5íïöåþLß\ðUë
î
öüóò ûsîLòì1ò1ôåôåòí=ñLß:òð
  	ò óLëþLß³ô?ë0ñkëþkóòxw6V =NÄõ%ëzy {
Áí=î®ð5ìíïþsø:ð-òNVzõ%ëmyH{
Híïîð5ò1þ>
|Dò
î
ôåîLßVFò1ôåôåò ò1ßÁø%ë}gò1ìø
	1ò ó[ý îLþ®òô	Vyï÷nð-òó®öåõ5öåþCî®ø-öåíïþó®ò¡ôüëó	ìð-íïöåß:ß-ë=þ®ì1ò0ë=îø-íïîð%ó®ò
8D~
P
8
í4Áíïîð-ßVë =ë=þsø%óò¡ð-ò3	ø-òð
ó®öAð-ò1ìnø-ò1õ5ò1þsøôüë5ó	1ìnð-íïöåß:ß-ë=þ®ì1ò\ó®îìíïñkëôAø4ëîSó®òôó®ò
8D
MÁí=î®ð-ß:'/	íïþsøUëðUóíùòøië=ôg
~
 ﬁ
 
\Ø#*·3Ø'3 Öµ6Þß Ø#kÚÖdKiÕ#Ł©ÔuÛYLØ#sØ9Ô
°
L
z
v
q
ﬂ-ﬂ>
å´´
I
7
eq
ﬂ
q
.
urlFykrry
v'ﬂ8Q
(q
!
| ('y
w
q
v#ﬂ
zqk(q
!
|  Í
ﬂl!
@A|
v
q9z-=
w
qq
ﬂ
(
@A|
.
w
rr
w
tkvs!
qsr/h
tﬃﬂtkv
r
t

ﬂ
w
$'&
qsr
!
q ,
w
q
v#ﬂ!
q/(
&
r q
v
/(
&
r}
tﬃ&
z
ﬂ87 (
w
v
y3(q
.
q
v'ﬂ8QK!
y
v
ri('y)/hFykrq
v
|
+/&
('y
w
zq
Q
(q
!
|  Í
ﬂi!
qsri/h
tﬃﬂtkv
r
í
!
q ,
w
q
v#ﬂ
.t
w
v
rqB}Cyk}sq q
ﬂ
(qsr>
t
r
w
ﬂtkv
r°
$#&
w
ﬂ
zy
v
r-
t
z
ﬂ
q
v'ﬂ
q
v
,
w
z
tkv5Ł67å±

!
q)(
@A|
v
q9z-=
w
q
ﬂtﬃﬂ
y3(q
!
q
!
|s}9z
t
w
rry
v
}sq
I
Q
$'&
w
rq
!
| 
t
rq
v#ﬂ
w
v
r
w
ﬂ-&
r
w
&v
E-y
w
+
(q}hFy
.

.
y3=
v
|
ﬂ
w
$'&
qqsr
ﬂ
z|srq
v'ﬂ*!
y
v
r%(qsrq
Â
qs}
ﬂ
y
Q
y3/
t
z
ﬂ
q
v#ﬂ)&v
q
}
tkv'ﬂ
z
w
+/&/ﬂ
w
tkv
r
w
=
v
w
nF}Cy
ﬂ
w
,gq
<
('y}
tﬃ&
z
+
q
!
qk(
&/.
wÎ
zq
7
eqsrPz
t
z
w
|
ﬂ
|sr
!6&.
yA
w
.J&/.!
qS('y}
tﬃ&
z
+
q
!
qU(
&/.
wÎ
zq
!
@
&v
q0
~  
y
tkv'ﬂ
|
ﬂ
||
ﬂ-&"!
w
|sqsrPFyLz
L
z
v
q
ﬂ-ﬂ
°

å´´
Iduw
(
w
v'ﬂ
q9z-,
w
q
v'ﬂW$'&
y
v"!
(qsrl q9z
ﬂ
qsrlFyLz
!
w
æ
&
r
w
tkv0!
q ,
w
q
vv
q
v'ﬂ
| =[y3(qsr
<
(
@A|
v
q9z-=
w
qkE
tﬃ&
z
v
w
ﬂ
FyLzﬀ('yÄzy
!
w
t
1
yk}
ﬂ
w
,
w
ﬂ
|
7
eqsr¡}CyLzyk}
ﬂ
|9z
w
r
ﬂ
w
$'&
qsr4z
w
v
}
w
Fy3(qsrq
v
r
tkv#ﬂ
(qsrr
&
w
,ky
v'ﬂ
qsrJ

('y(
&/.
w
vut
r
w
ﬂ
|{y
&.
yA
w
.J&/.!
q0('yÓ}
tﬃ&
z
+
q
!
q0(
&/.
wÎ
zq+qsr
ﬂ
z
t

t
z
ﬂ
w
tkvv
q (g(q
<
('y
.
ykrrq
!
q
!$# ~
w
r-G
v#ﬂ
hu|
ﬂ
w
r|sq


('y('yLz-=gq
&
zﬀ©¬
!
q%('y }
tﬃ&
z
+
q
!
q%(
&/.
wÎ
zq
!
|  q
v"!j!
q%('y
.
ykrrq|
Â
qs}
ﬂ
|sq
Ü
°Á}q@Aqsr
ﬂ
1
<
1
!
w
zq)('y
.
ykrrq
!
q('y
v
y
w
v
q
+
('y
v
}huq
Q
(qsri
~
q
 
y
v
@A|
ﬂ
y
v#ﬂ
Fykrr
&
/
t
r|sqsrﬀ('y
w
rrq9z
&v
z|sr
w
!6&
I
Q !
q>(
@A|
v
q9z-=
w
q}
w
v
|
ﬂ
w
$'&
q
!
q(
@AqBA6/(
t
r
w
tkvÑ:¡
q
ﬂ4!
q>(
@
t
Fyk}
w
ﬂ
|
t

ﬂ
w
$#&
q¢/£-¤B¥ù}
tﬃ.).
qr
&
w
ﬂ

¯¬_¦§¢
:Àjß
£-¤B¥
Ü
ý À Ù
§¨
ã :À Ù
¡
°ª©
7
©]«
I
¬J­® ¯§°s±-4²³´µD¶N·/¸#´¹R²Pµº¹±
»F·½¼4´m¹µ¿¾ µQF¼4¶P²Ä4´ÀdµÁ

yLz
w
q
ﬂ-ﬂ
y¡q
ﬂ
y3(
7
°=´)Ì)Ì)Ì
I
tkv#ﬂ
z|Cy3(
w
r|
!
qsrDr
w
.J&
('y
ﬂ
w
tkv
r
!
q?(
@
w
.
Fyk}
ﬂD!
@
&v
q³qBA6/(
t
r
w
tkv%!
q³r
&
	q9z
vut
,ky
!
q
ﬂ
G5	q
Â1y r
&
z
&v
}
tﬃ.
Fy3=
vutkvÃ$#&
w
rq9zy
w
ﬂ
r
t
w
ﬂk&v
q|
ﬂt
w
(q
!
q%('y r|
$#&
q
v
}sqPz
w
v
}
w
Fy3(q
Q
r
t
w
ﬂk&v
qr
tﬃ&
r
1
=g|Cy
v#ﬂ
q
Q
r
t
w
ﬂ
&v
qi=g|Cy
v'ﬂ
q z
tﬃ&
=gq
75Ä
y
v
r
ﬂtﬃ&
rl(qsrù}Cykr
!
qN(
@ h'G
!
z
t
=
Î
v
qq
ﬂl!
qi(
@ hu| (
w
&/.
r
tkv#ﬂ
yLz$zyk}hu|sr¡y
&
}
tﬃ.
Fy3=
vutkvCQ
q
ﬂ
rq
zq
ﬂ
z
tﬃ&
,gq
.
| ('y
v
=g|y
&
Aq
Â
qs}
ﬂ
y
Q
r
&
z
&v
y
v
=q(q0r
t
(
w
!
q zq ('y
ﬂ
w
,gq
.
q
v#ﬂ
w
.

t
z
ﬂ
y
v#ﬂW!
q9z$z
wÎ
zqJ(
@A|
ﬂt
w
(q0rqs}
tkv"!
y
w
zq
7
9
q  q
v"!
y
v#ﬂ8Q
}sq
.
y
ﬂ
|9z
w
q (ÄyLz$zyk}mhu| y
&v
q,
w
ﬂ
qsrrqÓ}CyLzyk}
ﬂ
|9z
w
r
ﬂ
w
$'&
qÓzq ('y
ﬂ
w
,gq
.
q
v#ﬂ
E-y
w
+
(q
Qﬀ.t
w
v
r
!
q

Ì)Ì)Ì
Å
.UÆ
rzÇKÈ
Q
FyLzzy3/
t
z
ﬂ<
}sq (g(q
!
qsrkz
w
v
}
w
Fy
&
A| (|
.
q
v#ﬂ
rÄy
&/ﬂtﬃ&
z
!6&É.
yA
w
.J&/.r!
qP(
&/.
w
vut
r
w
ﬂ
|°ªÊ

ÌÌ)Ì)Ì
Å
.UÆ
r
ÇKÈ
I
7M9
q
ﬂ
h#G
!
z
t
=
Î
v
qq
ﬂ
}sq
ﬂ
hu| (
w
&/.
rq9zy
w
q
v#ﬂ
y
w
v
r
w
.
| ('y
v
=g|sryH,gqs}*(q)EÁq9z
!
q%E-y
w
+
(q*,
w
ﬂ
qsrrq
$'&
q%(
@
tkv
ËÌÍDÎç#ÏgÐﬃÐJÑ/Ò	í=õ
î
íïß:öAø-öåíïþ¡ó®ò1ß	òÁò1ìnøUë
î
íïîðôåò4õ5íCó÷1ôåòDó[ý ò
î
ôüí=ß:öåíïþ
ÓRÔ8Õeíïîð ì
v
ë=ûCî®ò ìíïîLì
v
òiò1ßÁøöåþLó®öüûsî3	1òiôüë\ì1í=õ
î
íïß:öAø-öåíïþ%ð-ò1ôüëø-ö 9ò ò1þ
õ%ëß:ß:òBCëöüþ®ß:ö[ûCî®ò ôüë Cöåø-òß:ß:òDó®òß	1ô	1õ5ò1þsø-ß óò ìòø:ø-ò ìíïîLì
v
òzÖ öåð
	Dó®ò
×ëõ5í=ø-íònø4ëôg5ØVÙBÙBÙBﬁ
ËÌØÍDÎ\ç#ÏgÐÚÑ5Û ñ)í=þkó®ë=þLìò1ßùóò1ß	1ô	1õ5òþCø-ß³ßÁúþCø
v
	ø-ö
ßª	1ß
î
ëðùî®þLòiÜ

Áë8uì$ë=ôåì1î®ô	1ò1ßﬀ
î
ëð:ø-öåðùó®îõ5íCó÷1ôåò
ÓÝÔ8uê[ò1ß\öüß:íø-í
î
ò1ßó[ý îLþõﬀÞ1õ5ò	1ô	1õ5òþCø\ß:í=þCø\ð-ò1ôåö	1ß
î
ëðuî®þLò ôåöyïþ®òBïê©ò1ßuëñ)íïþkó®ë=þ®ì1ò1ßuß:íïþsøuþLíð-õ%ë=ôåöåßª	1ò1ßFë=î
ß
àá
òB3Ö öåð
	\óòY× ë=õ5í=ø-íòøië=ôg6ØVÙBÙzÙ ﬁ
ÐÑâÉãÝiÕ#Ł©Ö Hä[	Þß Ü#CØ åÐ
tﬃ+
rq9z-,gq
!
y
v
rl(qsr%r	qs}
ﬂ
zqsr5q
v
/hFykrq
v
|
+/&
('y
w
zq
7
Âﬁ(rl
tﬃ&
z$zy
w
q
v#ﬂ
y
w
v
r
wKæ
ﬂ
zq
tﬃ+
rq9z-,g|sr
!
y
v
rl(qsr5r-	qs}
ﬂ
zqsr4z
w
r
(
tkv
=
ﬂ
q
.
ur¡y3z
Î
rW(q
.
yA
w
.&/.RQ
q
vRﬂ
y
v'ﬂW$'&
q zy
w
qsr|
ﬂ
z
t
w
ﬂ
qsr
7
e@
w
.
Fyk}
ﬂl!6&
}
tﬃ.
Fy3=
vutkv
qsr
ﬂ?!
q}9z|sq9z
&vSﬂ
z
tﬃ&S!
@
tﬃ&
,gq9z
ﬂ-&
zq q
v
,
w
z
tkv
©)Ì
£
!
y
v
r(qsrq
Â
qs}
ﬂ
y
Q
q
ﬂ?!tkv
}
&v
q
ykr-G
.
|
ﬂ
z
w
q
7
¬>­-ç èº°PéF¹»D¼4¾"ê¶N·½ëPìD¾ µ
eiyÃz
t5!6&
}
ﬂ
w
tkví!
@A| (|
.
q
v'ﬂ
ry
&
rq
w
vî!
@
&v
qj
~
Â1yÓqsr
ﬂ
qsrrq
v#ﬂ
w
q (g(q
.
q
v'ﬂ
(qz|sr
&
(
ﬂ
y
ﬂ!
qR('yE
&
r
w
tkví!6&
}CyLz
+ tkv
qr
tﬃ&
r
!
w
æ|9zq
v#ﬂ
qsr}
tkv"!
w
ﬂ
w
tkv
r/h#Ger
w
$'&
qsr°
!
|BTy3=)zy
ﬂ
w
tkvCQ[!
|
ﬂtkv
y
ﬂ
w
tkvC7g7g7
I
7CL
w
v
r
w
Q
('y
!
|BTy3=)zy
ﬂ
w
tkv
,)y
z
t5!6&
w
zq%qsrrq
v'ﬂ
w
q (g(q
.
q
v#ﬂl!
qsr\| (|
.
q
v#ﬂ
r
!6&

w
}
!6&
E:q9z
7
eqsrz
t'!6&
w
ﬂ
r
!
q
v#&
} (|
t
r-G
v#ﬂ
h
Î
rq
!
@
&v
q
!
|
ﬂtkv
y
ﬂ
w
tkv
rq9z
tkv'ﬂ:!
w
æ |9zq
v'ﬂ
r³q
v
E
tkv
}
ﬂ
w
tkvU!
q4('y
!
q
v
r
w
ﬂ
|
<
('y
$'&
q (g(q%q (g(q%rq4z
t'!6&
w
ﬂ87

w#ï)ðfñqò
ÈØókÅ =
Æ-.
Ç5ô ('y
!
|
ﬂtkv
y
ﬂ
w
tkv
,)ylz
t'!6&
w
zq³r
&
z
ﬂtﬃ&/ﬂM!
qsr4| (|
.
q
v#ﬂ
r
!6&

w
}
!6&
E:q9z
78õ4tﬃ&
z
!
qsr
!
q
v
r
w
ﬂ
|sr[/(
&
rCE:y
w
+
(qsr
Q
q (g(qz
t5!6&
w
ﬂM!
qsr | (|
.
q
v#ﬂ
r
!
q
.
ykrrq
w
v#ﬂ
q9z
.
|
!
w
y
w
zq
7döDﬂ
r
w6ï
Ê
ñ]ò ÷
Å =
Æq.
Ç'ô rq
&
(K(q}CyLz
+	tkv
qÄy%(q
ﬂ
q
.
ur
!
q
+
z
;
(q9z
7
õ4tﬃ&
z0zq z
t5!6&
w
zq%(qsr
tﬃ+
rq9z-,ky
ﬂ
w
tkv
r
Q
('y
!
q
v
r
w
ﬂ
|
!
q
ﬂ
zy
v
r
w
ﬂ
w
tkv!
|BTy3=)zy
ﬂ
w
tkv½ø3!
|
ﬂtkv
y
ﬂ
w
tkvt!t
w
ﬂ
rqr
w
ﬂ-&
q9z
!
y
v
rM(
@
w
v#ﬂ
q9z-,)y3(g(q
»
ñ5ùPú
¼
Æ
ñqò
ÈóiÅ =
Æ.
Ç5ô °Øûkh
t
Å h/(
t
,
8üqüqü
I
73LW&
1
!
q (
<6Q
y
&
}
&v
| (|
.
q
v#ﬂ!
q
.
ykrrq
w
v#ﬂ
q9z
.
|
!
w
y
w
zq
v
@Aqsr
ﬂ
z
t'!6&
w
ﬂ87/ö3v
1
!
qHý
<6Q
w
(qsr
ﬂl!
w
}
w
(q
!
qiz
t'!6&
w
zq
&v
q
!
|
ﬂtkv
y
ﬂ
w
tkvC7
eiy
.
ykrrq
!
q?þß
~
w
z
t'!6&
w
ﬂ
q
!
|  q
v"!
+
qCy
&
}
tﬃ&

!
q3}sq
ﬂ-ﬂ
q
!
q
v
r
w
ﬂ
|
!
q
ﬂ
zy
v
r
w
ﬂ
w
tkvC7L
w
v
r
w

tﬃ&
z[(
@
w
v#ﬂ
q9z-,)y3(g(q³}
w
ﬂ
|
Q
('y
.
ykrrq
!
q
v
w
}
Å
q (¯r@A|
ﬂ
q
v"!
q
v#ﬂ
zqÌ
7g
 
q
ﬂ
Ì
7
«
 ?7v
q
ﬂ
q (g(qrq
v
r
w
+
w
(
w
ﬂ
|kz
t
,
w
q
v#ﬂN!
@
&v
q}
tﬃ.+
w
v
y
w
r
tkv
q
v'ﬂ
zq
&v
q
!
|  q
v"!
y
v
}sq0qBA5
tkv
q
v#ﬂ
w
q (g(q
!
qsr
ﬂ
y
&
A
!
qz|Cyk}
ﬂ
w
tkv
yH,gqs}('y
ﬂ
q
.
	|9zy
ﬂ-&
zqÄq
ﬂW!
q('y
!
|  q
v"!
y
v
}sq
!
q('y}hFy3(q
&
z r-	|s}
w
n
$'&
q
!
q('y
.
y
ﬂ
wÎ
zq
!
| =g|
v
|9z|sqÄy8,gqs}('y
!
q
v
r
w
ﬂ
|
7
eqsrn"=
&
zqsrﬀ©
7gq
q
ﬂ
©
7g
´>z|srq
v#ﬂ
q
v#ﬂ
zqsr-	qs}
ﬂ
w
,gq
.
q
v'ﬂﬀ&v
q }
tﬃ&
	q
!
qsrùq
Â
qs}
ﬂ
yyH,gqs}i(q
&
z5}
tﬃ.

t
r
w
ﬂ
w
tkvCQ
q
ﬂ
(qsry
+ tkv"!
y
v
}sqsr
!
qsr
!
w
,gq9zr¡| (|
.
q
v#ﬂ
rNz
t'!6&
w
ﬂ
r
7
å½å \Ø#*3Ø'3 Ö6Þß Ø#kÚÖdKiÕ#Ł©ÔuÛYLØ#s
	CãØ9Ô
  
ﬀﬂﬁﬃ  "!$#%'&)(  +* ,-%/.0 %213%/4/53 
687:9<;>=?7A@CB?DFEHG
=JIKDFLNMO7APRQS7UTWV 7A@SBYXZDH@:9<;[7UMO7\QS]YD^G_X`Ea7A@\bABdcH=eMO7A@
@AcH=eB8@C=gf^D^@SBh7APiQjV 7A@CBU9<;[7kMKV ]YcHG
Gl7mMKV DH=eBgGn7A@C;>ICbpo
Û þLëøCqïôåò
á
ðUëþLì1ò
r
­Hs ¯§°±µD¾/·/¸#éFµtk°s±
°P¶µvu éëw4¶P²µD¹¹mµ¿¾/·8w4¶P²wﬀÀd²yx
`z|{~}
hg
z"!{
(g(
{-ﬂ

z"!
[
!{a-ﬂP&zﬃ+?p{ ﬂ)!jz#ﬂ
(d
!?ﬂ

z|}a{

{ &/ﬂ
æ
ﬂ

{S.{a&
Ł
{{Fz}aﬃ.
g[^
z#ﬂ
(
{
T
&
A
ﬃ+|Ł{
-,W8,
{a}&z|{
(
&/.z|pgﬂ

}ajzz#&|{
g[

(g(
{ &

87
mS:S gRm ^ﬁ^CmgkSbU k?g
¡
zﬂ

ﬃ&
,
{
^
}F'&z
^3
!{
Ł
-&/.

!{aF!?e¢
F
{Fz#ﬂŁ{aFﬂŁ{a}
h
z$'&|{al£

&/ﬂ

{aF$'&|{
(
@
&/ﬂp
(


ﬂpjzP!{a_-&

{

z|
,¤
!{Dﬂ
G'
{
Â<
I
!{.{a-&

{!{aC!?-ﬂ

z|}a{a{Fz

-ﬂ

jz|ﬃ.{qQ!{

&
(d
+

z
(
{ &|{mŁ
(d


{U&|$'&
@
<
(
@
`z
,
{


(
jz#ﬂ

zC7
¥¦
M*Łh§8¨ª©YY©
¦«
§O>¨½Ł
¦
©[§
e\
.{a-&

{i!{a?!?Ł¬

z|}a{a!

z|
(
@
`z
,
{


}aﬃ.).{Fz|}a{k!

z|
(
{­
G
p¬Ł® .{`Ł
(d


{
H,
{a}
(
{a
(
j!{
û
{
/(
{

Q
g[
¬Ł{a}
h
z$'&|{a
^
!
[D
ﬃ&
F(
{a¯}a
-

(
{a
/(
&|

R}
h
{aD!{
(d°
{
p
{±£²}aﬃ.).{´³

z#&|
I
Q[ﬃ&
=^µ
}a{

&
A
!?
,
{

Ł{a
Łjz"!{a

&¬Łﬃ.

¬p$'&|{ap
(g(
jzz

z¶¬`z|j¬

{
,
jpz
3=
{q7
õ_ﬃ&

}a{J$#&\{aŁ¬W!{a

¬Łj
(
{a
(
{a
/(
&|

R}
h
{a8QgjzR&¬p
(
^{
(
{.ﬃ&
,
{ .{FzR¬
3/g[
{FzR¬i$'&
@
{
(g(
{a­jzR¬`-&
W(
{
}F{
(
Q

{
T
{F¬4!{
(dŁ ,

(
&¬pjzR!{
(d°
{
p
{

&¬Łﬃ&

!6&


(
{F
(
Q}
@
{ap¬
(d¸·?¹|»p¹jº»ºe¹>¼R½
Q|p+


(g(d
.).{Fz¶¬W&¬p
(


{
g[
(
{¸

¬Ł{
(g(
¬Ł{¿¾`ÀÀ
[
}anÀijÁ
nÂ
{apÁ

{
­ÃdÅÄ
p¬

z|}a{
Ä
{*>ÆÇÇÇÇ

¬Łj
Ã
{aZÈ
É
[ZÊCmË
¦
\Ìt¶Í>¨8©ØŁ»§#SŁ»¨ª©ªÍ
¦
©Ø§#
ö¯z$}a
pŁFÃd
z¶¬
Ã
{a
Ä
p¬

z|}a{ap¬Ł{
ÃÃd


{ajÎ¬Ł{FzRÁ|{aÀ
[
À
[^[ÃÃdYÏ
{a
>Ð
{a}
ÄUÑÒ
Á¬

{~jÎ|Ł{
pÐj
Î
Ã
{a¬Ł{
ÃÃ
{aÓRÁ|{
Ã
{¬AÔRÀi{pÀi{a}F¬
^[Ã
{F¬
ÃdÃ
Á
Â
z|p¬
Õ
jzÖÀi{FÁ¬

¬Ł{Fz
Ä?
{
ÃdÂ
¬p×|
Ä
{

Á
ÏÖ
¬Łj
Ã
{aÀ
Ã
Á|
Ã
jzR¬

z|{a>ÈFÄ
ÑÒ
Á¬

{a
Â
¬p×|
Ä
{aØÎ



{a
ŁÁ
ØÃ
{aØÀ

jÀ



¬

´À×¶Ô?pÓRÁ|{a
Ä
{a

¬Łj
Ã
{a´{F¬
Ä
{a
[ÂÙ

ÄUÑÚ
¬Łj
Ã
{a´ŁjzR¬
Á¬p
Ã


{a
>Ð
{a}­À
Ã
Á|
jÁ
Â
jz|
Ä
{±Û

Î
Ã
¬

È
¡
zÜÀª{FÁ¬}F¬Ł{
­ÃdÅÂ
¬p×|
Ä
{
Ä
{Ý

ÀÀÁÞ{F¬­ßà
Ã
Łjz$£»ßà
Ã
Łjzáâ³

zRÁÞÝ

ÀÀÁt8üã
«ä
ÓRÁ_jzR¬¬

jÁ
ÐW
Áz|{}a
pŁFÃd
¬pjzå{Fz¶¬

{
Ãd~Ãd[pæ
{FÁ
¸Ä
{a
^
{a±¾'{F¬
ûçÄ
{Åè
Wé
{F¬
ÃdÙÂÙ[æ
z¬pÁ
Ä
{

ÀÀ
[
{Fz¶¬Ł{
Ä
{
ÃCÑ
{F¬Łj
Ã
{È
åªê 	C\k§#ﬃ\¨/ë§¶ÍÙìW¨½Zíå¨dŁh¨
«
©»§
è
{

¬

z|n¬AÔRÀi{a
ÄUÑÚ
¬Łj
Ã
{a­Ł{
pÐ
{FzR¬

Á|ŁŁ
ÄUÑÚ
¬
[Ã
jz|
Ä
{
Ä
p¬

z|}a{È|î\{a
Ðj[


Î
Ã
{a±ïnï"ð3ñ
»N¹R½
jzR¬

z|p
Ã
{a
Â
æ
Â
{`ò|Á
Ï
zR¬

z|Ł®aÓRÁ|{al{F¬ØÀ
F

Ä
{a´{FzR¬

{±ó{F¬lÆ[ô×|{FÁ

{a>È|è
{Łjz¶¬
Ä
{a

¬Łj
Ã
{a
Ä
{­ÀijÀÁ
Ãd
¬pjziõ
ÂÂ
p¬pÁ

{a
ŁÁ
ØÃd
Î
^
z|}Ł×|{×|

ö>jz¶¬
[Ã
{
Ä
Á
Ä

[æ^[ÂÂ
{±¾n÷Sø
Õ
ÓRÁ8Î
pùÃ
{FzR¬
Ä
{
ÃCÑ
×
FÃ
Á
Â
È6ö
ÃÃ
{a´jz¶¬lúÀª{FÁÀ

®a
ÃdÂ
æ
Â
{
Ã
Á
Â
z|Ł¬

}a{Ó¶Á_{FzÜû

¬
Ä
{Îªjz|`z
Ä
}

¬Ł{FÁ


Ä
{
Ä
p¬

z|}a{
Õ
z|j¬
[ÂÂ
{Fz¶¬±ÀijÁ
­Ã
{a
[ÂÙ

æÃ
jÎÁ
Ãd


{a
æ¶
÷
Ãd
}F¬pÓRÁ|{a>È
¥¦
MUŁ»§Üª¨8©Z©Ø
¦«
§
«8¦
Ł
¦
ìWÍZ©hÊC§
­z

Á¬

{Ù¬AÔRÀi{
Ä
{
Ð[


Î
Ã
{a
Õ\Ã
{aümý
·8þ
ý ß
 ½ÙÐ
j{FzR¬
Ã
{FÁ

À
F

Ä
{
Ä
{ÙÀÁ
Ã


¬pjz}a
pŁFÃ
{ú
Ã
{FÁ
Ã
Á?÷
Â
z|Ł¬

È`z|p
ÃdåÂ
{aŁÁ

{
Ä
{
Ãd
À
F

Ä
{Ài{
pÂ
{F¬
ÄUÑ
{Fz
ÄaÄ
Á

{
ÃdåÃ
Á
Â
z|Ł¬
Õ
{F¬
Ä
{
Ã
ú
Ãd$Ä
p¬

z|}a{
Õ
}ajzz

^

z¶¬^jzò|Á
Ï
Èiî:{aè

À×
	CÄ
{a¿^jz¶¬¸Á¬p
Ã


{a¸}a
ÂÂ
{Åz
Ä
}

¬Ł{FÁ


Ä
{
Ä
Ł¬

z|}a{
Ä
¬Ł
·a»
¹
»p½
{F¬
^{
pÐ
{Fz¶¬úÅ}
[Ã
Î

{
­Ã
{alz
Ä
}

¬Ł{FÁ

­Ł{a}ajz
Ä|


{a­¬Ł{
Ã

Ã
{anpÁÀi{

z|
Ð¤
È"ö¯z{ ¢i{F¬
Ã
{FÁ
lÃ
Á
Â
z|p¬

z¶¬

z|Ł®aÓRÁ|{

¬

zR¬

{
Ãd
¬p
Ð
{
Â
{FzR¬Ø
Â
Ài

¬

z¶¬Ł{
Õ
}a{
ÃÃ
{aN÷S}F|Ài{FÁ
Ð
{Fz¶¬
æ
¬

{njÎ|^{
pÐW
{a
Ä|
z|
Ã
{a
æ¶[ÃdYÏ
{a¯À

}Ł×|{a
Õ
<Á|ŁÓRÁ|{
Ä|
z|
ÃCÑÒ[ÂÙ

Ä
{
Ãd
³`{
pæ
{¿úÆÇÀª}È?î:{aè

À×
	CÄ
{alÀª{FÁ
Ð
{FzR¬
æ
¬

{
Ä
{a

¬Łj
Ã
{a
Ä
{±ÀijÀÁ
Ãd
¬pjz
Â
jÁ
Ä
{±ÀijÀÁ
Ãd
÷
¬pjz
ÂÂ

}a{FÀi{Fz
Ä|
z¶¬l}a{
ÃÃ
{a
Ä
{­ÀijÀÁ
Ãd
¬pjz
ÂÂ
jz¶¬
Áz|{­À
Ã
Á|´}ajÁ

¬Ł{À
F

Ä
{£²{Fz¶¬

{%`{F¬ÇnNjÁ


ä
Ó¶Á|{}a{
ÃÃ
{a
Ä
{ÀijÀÁ
Ãd
¬pjz
ÂHÕ
{
ÃÃ
{a´Łjz¶¬
Fæ¶[Ã
{
Â
{Fz¶¬
Â
jz|
Î


ÃÃd
zR¬Ł{a
Ä
{ÈÒã
ÂÙ[æ
z¬pÁ
Ä
{a
Õ
{F¬
Ã
{FÁ
´ÂÙ
ŁŁ{{ap¬Øz?û
F
{FÁ

{
úR  
Õ
}a{¿ÓRÁ:{Fz û

¬
Ä
{a`è

À×
	CÄ
{anÁzÜÀi{FÁÜpÀ

}F
[Ã
{a
Õ|
Á|Łp

ÀÀi{
Ã
{a

¬Łj
Ã
{a

»

ﬀ
È
î:{az|
Ðj¤
jzR¬Áz|{
ÂÙ[æ
z¬pÁ
Ä
{

Î|^
Ã
Á|{Ü}a
pŁFÃ
{

Á ¬

Á
Ï Ä
{
Ä
}

jŁ

z|}a{
Ä
{
ÃdÞÃ
Á
Â
z|Ł¬

À

®a
Áz|{
F
ÁÀ¬pjz:Ègî:{¸ò|Á
Ï
{
Ãd
¬p
Ð
{
Â
{FzR¬
æ^
z
ÄÄUÑ
Áz|{¿z|
Ð
{Fzû

¬lÁzÜz
Ä
}

¬Ł{FÁ
±Ä
{
Ä
p¬

z|}a{¸Á¬p
Ã
{
Ä|
z|
Ã
{a
æ¶[ÃdYÏ
{anÀ

}Ł×|{aZÈ
î:{
Ä

[Â
®F¬

{
Ä
{a´Î


ÃÃd
z¶¬Ł{a
ŁFæ
jz|l¾
ÂÂ
£»×¶Ô
Ä?

æ
®Fz|{±jz
Zä
û²jÁ

z¬

Á|ŁŁ
ÄUÑ
zR¬
F
{aŁ

zR¬Ł¯
[Ã
jz|´ÀªjÁ

Â
{aŁÁ

{
nÃdÄ
p¬

z|}a{
Ä
{¸}a{a
æ¶[ÃdYÏ
{aZÈ
¥
©ﬁaÍ
¦ﬂ
ìW§ﬃﬁÙìW¨ﬁZíå¨! h¨
«
©»Ê#"§$ﬁ&%'%'%
(
jÁ|­}F¬Łjz|l}F
Ã
{alÀ

z|}FÀ
[Ã
{a
Â
¬p×|
Ä
{a­Á¬p
Ã


{a>È
)
§ﬃ 
¦
ÍZ©»¨
ﬂ+*
§-,".  Yä0/1l©ﬁ32§$4
ÂSÃ

ÑÒ[æ
¬
ÄUÑ
Áz|{

{
Ãd
¬pjz {
Â
À

Ó¶Á|{ £
°
Á
ÃÃ
Ôá65_p×|{
87
ü
«q«ä
ÓRÁ

{
Ã
{
Ãd
Ã
Á
Â
z|Ł¬
­ÄUÑ
Áz|{
æ¶[ÃdYÏ
{lpÀ
^[Ã
{£²jÁ
pŁFæ
Á
Ã
®

{
ä
ú±
Ð
¬Ł{aŁŁ{l}F

}FÁ
Ãd


{
ÂÙYÏ

ÂÙ[Ã
{È¶î
Ð
¬Ł{aŁŁ{
ÂÙYÏ

ÂÙ[Ã
{
Ä
{

j¬

¬pjzÜ{aŁ¬
æW
z
F^[Ã
{
Â
{FzR¬
Â
{apÁ
Ł
{¿úÀ
[
¬p
nÄ
{
ÃdÃd[pæ
{FÁ
nÄ
{
Ãd^
{¸¾
Â
úÆ
7
}
Â Ä
{
Ãdæ¶[ÃdYÏ
{
Õ
Ó¶Á
Ñ

Ã
û

Á¬k}a
p

æ
{

Ä
{ak{ ¢U{F¬Ł
ÄUÑ
z|}
Ã
z

Łjz
Ä
Á
Ä
ŁÓRÁ|{lpÁ
mÃd±Ã

æ
z|{
Ä
{
Ð


{È¶î
¸Ä
pÀi{

pjzzR¬

z|Ł®aÓ¶Á|{
Ä
{n}a{F¬p¬Ł{
Â
¬p×|
Ä
{{aŁ¬n{ap¬p
Â
{ú
Ê
ò&9;:qòNùò<9=:&>
ÂÙ[æ
£@?

Å

\{F¬
[Ã
ÈgÆÇÇÇ
ä
k¨8©
*
§-1
¦BA
§$43/
Éi¦
ìDCEﬁ>¨
ﬂ
ö
ÃÃ
{~
ÑÒ
ÀÀ
Ã
ÓRÁ|{

Á
ÏÖæ¶[ÃdYÏ
{a{
ÃÃ
À¬pÓRÁ|{a
Õ
ÀªjÁ
Ã
{aŁÓ¶Á|{
ÃÃ
{a
ÃdÄ
pÀª{

Łjz
Ä
{
Ð
¬Ł{aŁŁ{ pÁ
ÅÃdÃ

æ
z|{
Ä
{
Ð


{{aŁ¬À

jÀi

¬pjzz|{
ÃÃ
{

Á
Ã

æ¶[
¬p×
Â
{
Ä
{
ÃdÃ
Á
Â
z|p¬

£'5

Îi{

áGF

}
Å
Łjz
7
ü
«

ä
È?Ä

{aŁ
Ã
{

{F¬
[Ã
È­£
7
üó
«ä
jzR¬
[ÂFÃ

Ł
}a{F¬p¬Ł{

{
Ãd
¬pjz {Fz ¬

jÁ
Ð
z¶¬ÙÁz|{}a
pŁFÃd
¬pjz {Fz¶¬

{HI
Õ¯Ã
{
Ä

[Â
®F¬

{
Ä|
z|
Ã
{aÓRÁ|{
ÃlÃd æ¶[ÃdYÏ
{

Áz|{}a{

¬

z|{Î


ÃÃd
z|}a{
Ä
{pÁ

û

}a{
Õ
{F¬KJ
Ãd Ä
pÀi{

pjz
Ä
{
Ð
¬Ł{aŁŁ{È
î

À
Ł
}Fpjz
Ä
{Ù}a{F¬p¬Ł{
Â
¬p×|
Ä
{ £
Ä
¬Ł{MLNHI
ù
JPO
ä
{ap¬úÜÀª{FÁ$À

®a
Ä
{FzR¬pÓ¶Á|{ úÜ}a{
ÃÃ
{~jÎ¬Ł{Fz¶Á|{
aÐ
{a}
Ãd
QSRUTWV
q
VDXZY[T]\@^
q`_baadcfe
\gX
_Zc
V
q
VDXDY[Th\@^
q_be
\
c
YiY[T^kj
cWl
X
c
Y=m
q`_
j
cf_DnNq_
\j
cpo
T
_De
Y
cfe#q
T]YrThs3^
cteuc
YiYi^iVZ\@^
l
X
cfefv
Y
cxw
XZY
w&cpoZcfeEq
TY[T]s3^
cfe
e
VD^kjSTY
cfefv>q
X
cf_DnNq
j
c.o
T
_Ze
Y
cfe
TyzT
eq
Y
qw
XZYrT]^kj
cfef{3Ò!cgeKq_
\
cf_q|f_D|
jSTY
o3cfe|
\
q
^iY
cfe!}
^
c
^iYiY
ctefv3oZcE~
T]^
w
Y
c
y
|
\ST]YiY[^
n
^k\
|`{
RUTpV
q
VZXDY[T]\@^
q`_
nNq
yVZY
|
y
cf_
\ST^kj
c`vDo
^k\
c
V
q
VDXZY[T]\@^
q`_a0cte
\xT]^
_Ze
^
nfc
YiY
cec
\j
q
X
}
T
_
\
o
T
_De
Y
cfe.w
jST
ege
VD^kjSTX3s
c
\.Y
c}Fq
^
e
^
_
T
q`ceKq
Y[T]^ij
c{'Ò!cWeKq_
\
o3cfe
|
\
q
^iY
cfe'c
X
_DcfefvoZc
y
|
\ST]YiY[^
n
^k\
|
j
c
Y[T]\@^
}	c
y
cf_
\
|
Y
cf}	|fc{
t
_Zc}
Thj@^[T
w
Y
cNÒ!|
VZ
|fﬀoZccfe
\X
_Dc|
\
q
^iY
cWc
X
_ZczoZc
VDYiX
e
^
c
XZj
e
yzT
eecfeWeKq
Y[T]^ij
ctec
\
o
m
cf_}
^kj
q`_SZ
R&Ł
oYq`_
\Y[TbYiXDy^
_[qe
^k\
|
n
DT
_Dqc
V
|
j@^
qo
^
l
X
c
y
cf_
\.
ct_
\j
cuc
\
#»q
X3j
eS{3Ö
T
_o
^
e0l
X
c
Y
cu
X3sjST
o
^[T]\@^
~e
m
|fn
T]VDV
c.oZc
Y=m
|
\
q
^[Y
c`v
X
_Dc
VT]j\@^
c.oZcfe
^
q_De0uch
T]\@y
q`e
VZ
|
j@^
l
X
ctecfe
\^
q_
^
e|fccf_.c
$
T]X
q
y
cf_
\ST
_
\T]^
_De
^EY=m
q
VT
n
^k\
|bo3c
Y=m T]\@y
qe
VDDj
c`{
RUT
o
^[y^
_
XZ\@^
q_oZc
Y[T\jST
_De
VThj
cf_Dntc
w
Y
ql
X
c
Y
cg
XZs
o
m
|f_Dc
j
q
^
c.c
\!j
|fn
DTX3
c
Y
cxq
T
{
RUTVZj
ctee
^
q_
T]X
q
y
cf_
\
c`v
j
c
V
q
X
ee
T
_
\EY=m
cf_}	c
Y
q
VDV
c`v
Y=m
|
\
q
^iY
cx}Fq
^i\ET^
_De
^
e
Tp\ST^iYiY
c.c
\
e
TYiXDy^
_[qe
^i\
|
TX
q
y
cf_
\
c
j
{Z
T^
e
TY
q
j
e.l
X
c
Y=m Th\@y
q`e
VZDtj
cxct_
\j
cucf_c
sZVDT
_Ze
^
q_ﬃv3c
YiY
cpec
j
ct~
j
q
^
o
^k\
v
V
c
j@y
c
\\ST
_
\ET]XZs^
q`_ZeE.ch$
oZc
j
cfq
T
q`_Zc
juY
c
XZj
|
Y
cfn
\j
q_ﬃvo
^iy^
_
XDT
_
\#T]^
_Ze
^ﬃY=m
q
VDT
n
^k\
|
Y;m Th\@y
q`e
VDZtj
c
j
|
\j
|fn
^i\u
_Yq
X
}	c
TX
{i{[{
å#%' ¢¡"kËe§ﬃﬁaÍ	/^ìW§ÞÊ#"mË;"
ﬂ
§¤£ì2
¦ﬂu*
§U ' h§ﬁaÍ
¦ﬂu*¦
4
*¦¥
åKâ

{
Ãd
¬pjz
Ä
{
°
Á
ÃÃ
Ô¶÷S5_p×|{

ÀªjÁ
`Ã
{a
æ¶[ÃdYÏ
{apÀ
^[Ã
{a>Èdõ
Ã
Á|
æW
z
F^[Ã
{
Â
{FzR¬
ÕiÃ
{a
æ¶[ÃdYÏ
{a{
ÃÃ
À¬pÓ¶Á|{a
Ð
j{Fz¶¬
Ã
{FÁ
ØÄ

[Â
®F¬

{{ ¢U{a}F¬peû
ÕÃ
{FÁ

Ä
pÀi{

pjz
Ä
{
Ð
¬Ł{aŁŁ{­{F¬
Ã
{FÁ

Î


ÃÃd
z|}a{
Ä
{­pÁ

û

}a{n}a{FzR¬
^[Ã
{`Ł{
Ł
À
[
¬p

pÁ

Áz
À
Ãd
z
Ä|
z|
ÃCÑ
{apÀ

}a{
¬


Ä

Â
{Fz¶¬pjzz|{
ÃgÄ
{a_À
[^[Â
®F¬

{a>ÈWè
Ñ
{ap¬
Ã
{§
ºe¹&¨#©&  ¹Ù½`dªC¹º  ½p¶¹jºe¹Z¼
K½`­½Fºhº«
Ò·0ª'
'¬	­|½
È
1 '"\ìWÍ3"
¦
ÍZ©»¨
ﬂ
ﬁ
*
§® 
¦¤A
4j©' ' 
¦ﬂ
ìW§
*
§¢ﬁ3"g4D¯
¦
ì¶§
£@?Ý5 ÀijÁ
±°­»²F¹$³^½±´»
=[þﬃª'i½]±¨kºr­B³µª'­¹&ª'
'©&BYäWÂAÃ

ÑÒ[æ
¬
ÄUÑ
Áz|{
Â
¬p×|
Ä
{¸Ł¬

¬pp¬pÓ¶Á|{`Î



{±pÁ
´Ã
{­û

¬lÓRÁ|{
ÃdÐ[


z|}a{
Ä
Áò|Á
Ï
}FÁ
Â
Á
Ã¸Ä
{`¬ŁjÁ¬Ł{a
Ã
{a

¬Łj
Ã
{a
ÄUÑ
Áz|{
æ¶[ÃdYÏ
{
Ä|
z|ÁzÖÀ
Ï
{
Ã
{ap¬z
Ð
{

Ł{
Â
{FzR¬À

jÀª

¬pjzz|{
ÃÃ
{

Á}
[pŁ~Ä
{
ÃdÜÄ
p¬

z|}a{ £
°
jz

Ô$á¶?}Ł×z|{F
Ä
{

7
üóó
ä
Èªè
{F¬p¬Ł{
Â
¬p×|
Ä
{
ÑÒ
ÀÀ
Ã
ÓRÁ|{pÁ

¬ŁjÁ¬

Á
Ï æ¶[ÃdYÏ
{a­{
ÃÃ
À¬pÓRÁ|{a{F¬

Á
Ï
ÎÁ
Ã
Îª{a
Ä
{a
æ¶[ÃdYÏ
{a­pÀ
^[Ã
{a
ÓRÁ:jz¶¬nÁz|{¿ŁÁ

û

}a{¿{F¬lÁz|{¿ÀªjÀÁ
Ãd
¬pjzŁ¬Ł{
ÃÃd


{¸Ázeû²
pÂ
{aZÈ
	#"\m§ﬃ4
ﬂ
¨
¦
§
*
§ Ízä:m§ Y
?Rnjz pÁÀÀª^{Ó¶Á|{}a{aŁÁÀª{

z|
Ðj¤ FÂ
{F¬p¬Ł{FzR¬ÙÁz
^
ÔWjzz|{
Â
{FzR¬
Ä
{}a

À|
z|j
>Õ

Ã
pÁ·¬
Ä
{
Ä
¬Ł{
pÂ
z|{
±Ãd
¬Ł{
Â
À
F^
¬pÁ

{
Ä
{ŁÁ

û

}a{

z|p3Ó¶Á|{
ÃdÐ
¬Ł{aŁŁ{
ÄUÑ
{
Ï
À

z|ŁjzÀijÁ

jÎ¬Ł{Fz

Ãd~Ã
Á
Â
z|p¬

¬Łj¬
[Ã
{{F¬
Ãd Ä
p¬

z|}a{È\è
{F¬p¬Ł{
Â
¬p×|
Ä
{
Ä
¬Ł{NLSöõW¸O£@¹
¼H·¹  
ﬃ
§
þU©&ª@©DS·gþ?½»Ł½º ½	ª»þU©  ä

{FÀiŁ{ÅpÁ

Áz|{

ÀÀ


Ï

ÂÙ
¬pjz
æ
ŁŁ®

{}
[Ã
{apÁÀª{

z|
Ðj¤
z|{^jz¶¬¸À


Ä
{a¿}a

À|±z|j

Ù£Kú }

Á|^{
Ä
{a
z|
Â
Î

{FÁ|^{a
^
{a
Ãd[pæ
{aÓRÁkp
ÃÃ
jz|{FzR¬
Ã
{FÁ

pÀi{a}F¬

{a
ä ÕUÂ
æ
Â
{~pk}a{
ÃdÂÙ[
}^×|{
Ä|
z|ÓRÁ|{
Ã
Ó¶Á|{a}

>È\`z|{
Â
¬p×|
Ä
{­À
Ã
Á|


æ
jÁ

{FÁ|Ł{±{ap¬
Ä
{
Â

ÄFÃ
Ł{
kÃ
{pÀi{a}F¬

{
Õ
{Fz }a
Â
Îz

z¶¬
Ã
{a
Ä
jzz

{a
¬

z¶¬´pÀi{a}F¬

Ł}ajÀÓ¶Á|{a
ÓRÁ|{´À×|j¬Ł
Â
¬

Ó¶Á|{a

Û|z
Ä
{
Ä
¬Ł{
pÂ
z|{

Ãd±Ä
p¬

z|}a{n}Ł×|{

}^×

{p»¶À
[
}a{´Î

m
Ã
{ap¬¯ÀiŁpÎ
Ã
{
Ä
{
Ä
¬Ł{
pÂ
z|{

ÃdÄ
p¬

z|}a{
Ä
{z
Ñ

Â
Ài

¬Ł{ÓRÁ|{
Ã
¬SÔÀª{
Ä
{ÜpÁÀi{

z|
Ð
£
Ð
j

À
[
{
Ï
{
Â
À
Ã
{
(
Á
æ
{FzR¬ÆÇÇ
7Zä
È:ömz|}a

{û

Á¬N÷C
Ã
ÀijÁ
Ð
j
nÂ

ÄFÃ
^{
nÃ
{FÁ

pÀi{a}F¬

{¸pÁ·Ù
[ÂÂ
{FzR¬­À
Ł
}F
FÂ
{FzR¬>È
mS:½¼ ¾À¿gÁÂ¿#Ã:8 mg@Äj$BÄØÅ\ÆR[@ÄÖEÇ'[gS âm8ÉÈxÊ$¤ËZ
î:{a`pÁÀi{

z|
Ð¤-Ä
{¿¬AÔRÀi{
ÂN
ŁjzR¬­¬

®a­Ł
Â

Ãd


{a`{FzR¬

{{
ÃÃ
{a
Õg
Á¬

zR¬

Áz
Ð
{

Á
Ä
{
Ã
{FÁ

pÀi{a}F¬

{a­ÓRÁ|{
Ä
{
Ã
{FÁ

`}ajÁ

Îª{a
Ä
{
Ã
Á
Â
®

{aZÈgî:{FÁ
ÂÙ[æ
z¬pÁ
Ä
{

Î|^
Ã
Á|{

Á
ÂÙYÏ

Â
Á
Â2Ä
{
Ã
Á
Â
®

{{ap¬­Îi{

Á|}ajÁÀ
Â
jz|
Ä
pÀi{



{ÓRÁ|{¸ÀijÁ

z
Ñ

Â
Ài

¬Ł{ÓRÁ|{
ÃÃ
{

Á¬

{ŁjÁ|N÷S}
Ãd
^Ł{
Ä
{ŁÁÀª{

z|
Ðj
ÈUè
{F¬p¬Ł{¿×|
Â

æW
z

¬
ÅÄUÑ
Áz
FÐ
®Fz|{ ÷
Â
{Fz¶¬ú
ÃCÑÒ
Á¬

{

}ajz
Ä
Á¬úÅ
Ñ
{FzŁ{
pÐ


}a
ÂÂ
{ÌL}Ł×

z
Ä
{
ÃÃ
{ap¬

z
Ä|[ŁÄ
OWÈ
(>
z
Â
jz|
Õ|ÃCÑ
{
Ï
p¬Ł{Fz|}a{
Ä
{
Ãd
?
(fÂ<
À
[
¬p}FÁ
Ã
®

{?
(Í7
üó&<Î
Õg
z|ŁÓRÁ|{
ÃCÑÒ
ÀÀ
[
¬pjz
Ä
{
Ä
{FÁ
ÏÜ
Á¬

{a
?
(
{
ÂN
¬

®a~À
[
¬p}FÁ
Ã
®

{a$£@?
(Ï7
üqü
7a°
{F¬N?
(Ï7
üqü
7
Î
æRäÙÃdÖÂ
æ
Â
{

zz

{jzR¬

¬p¬p
ŁÞÃCÑÒ
¬p¬Ł{FzR¬pjz pÁ
Ãd
Ä

Ð
{

p¬

{
Ï
Ł¬

z¶¬Ł{

ÁÞ^{Fz
Ä
{apÁÀi{

z|
Ð¤ Ä
{¬SÔÀª{
ÂN
Èªè

Â
À¬Ł{¬Ł{Fz¶Á
Ä
{}a{a`jÁ¬Łp
Ä
{


Õ
jzÞÀª{FÁ¬¬Ł{Fz¶¬Ł{

Ä
{}
Ãd
ŁŁeÛg{
¿Ã
{aÐ?
(
{
Â<
^j¬}a
ÂÂ
{

¬

z¶¬z|
pÂÙ[Ã
{a
Õ
^j¬¿}a
ÂÂ
{

¬

z¶¬À
[
¬p}FÁ
Ã
®

{a{F¬Ł{
Â
Î
Ãd
Î
Ã
{aú
?
(Ñ7
üó&<Î
Õ
?
(Ñ7
üqü
7a°
jÁM?
(Ñ7
üqü
7
Î
æ
È
`z|{pÁÀi{

z|
ÐÜÄ
{¬AÔRÀi{
ÂN
{ap¬
Ä
¬Ł{MLz|
pÂÙ[Ã
{ÒO ŁkŁjzÖpÀi{a}F¬

{jÀ¬pÓRÁ|{

{aŁ^{
Â
Î
Ã
{~úÜ}a{
Ã
Á
Ä
{Ò?
(
7
ü
«
Æﬃö
Õ
?
(Ó7
üó
7
Ý
Õ
?
(Ñ7
üóqüjÝ+{F¬?
(Ó7
üqüÆÈ
`z|{Ð?
(fÂ<
{ap¬ÔLÀ
[
¬p}FÁ
Ã
®

{O pUÁz|{
Ä
{¿Ł{an}
[^
}F¬
F
p¬pÓRÁ|{a±pÀi{a}F¬
^[Ã
{a
Ä
e¢U®

{±û²

¬Ł{
Â
{FzR¬
Ä
{}a{
ÃÃ
{
Ä
{aLz|
pÂÙ[Ã
{aÌO$ÀijÁ

Áz|{ À×

Ł{
Ä
jzz

{È`z|p
Ã
{apÀi{a}F¬

{a
Ä
{N?
(Õ7
üqü
7a° aÐ
z¶¬
Ã
{
ÂÙYÏ

Â
Á
Â Ä
{
Ã
Á
Â
®

{ÅÀ
Ł
Ł{FzR¬Ł{Fz¶¬
Ä
{a
^
{a±z×

Î¬pÁ|{
ÃÃ
{a
Ä
{?R
ÂmÂHÕ
?
ÂmÂ
{F¬¸è
ÂÂ
£»z|
pÂÙ[Ã
{
Â
{FzR¬jzjÎ|Ł{
pÐ
{Å}a{a
^
{a
Ä|
z|
Ã
{aØpÀi{a}F¬

{a

À

®a
Ã
{
ÂÙYÏ

Â
Á
Â
Ài{Fz
Ä|
z¶¬´Ó¶Á|{
Ã
ÓRÁ|{aØ^{
ÂÙ
z|{a
ä ÕR
z|pªÓ¶Á|{
Ä
{
Ãd[pæ
{a
^
{a
Ä
Á|{a

ÁÌ5g{
ÂÂÂ
£
Ð
{

`ô
©
ÇÇÒÖ'{F¬±ãÇÇÇÒÖ
ä
È!?
(67
üqüqü

{ap¬`¬

®aŁ
Â

Ãd


{Åú8?
(×7
üqü
7a°¸Õ
¬ŁjÁ¬{Fz

Ô

zR¬¸Áz|{¿ûK

¬Ł{
^
{
{Fz

Î|Ł

À¬pjzÞú
©]«
ãÇÖ
Õ
À

jÎ

Î
Ã
{
Â
{FzR¬
Ä
Á|{úè
)ÂÂ
¾"{F¬
û
È
î:{a±À

z|}FÀ
[Ã
{a¸Łz
æ
Á
Ãd[
¬


Ä
{?
(Ø7
üqü
7
Î
æ
^jz¶¬
Ãd
À
Ł
^{Fz|}a{

Á
ÂÙYÏ

Â
Á
Â Ä
{
Ã
Á
Â
®

{
ÄUÑ
Áz|{
Ãd[pæ
{

Î|Ł

À¬pjz
ÑÚ
¬Ł{Fz
Ä|
zR¬
Ä
{ô
7
ÇÇÌÖúôô¶ÇÇÒÖ
ÕgÄ
Á|{

Á
°

ÂÂ Õ
{F¬
ÄUÑ
Áz|{

Îi

À¬pjzÀ
Ã
Á|
Â
Ài

¬

z¶¬Ł{
Ä
Á®?R
ÂÂ
úãóÇÇÖ À
[­^
ÀÀª

¬`úÅ}a{
ÃÃ
{ú
7
ãÇÖÈ
?
(Ñ7
üó&<Î'{ap¬nŁ
Â

Ãd


{ú?
(Ó7
üqü
7
Î
æ|Õ|ÂÙ
­{Fz
Â
jz|­{
Ï
¬

æ
Â
{
ÕÃ
{¸}

{FÁ
ÏÄ
Á
°

ÂÂØ
¬

z¶¬
Â
jz|­À

[÷
z|jz|}

Èè

Â
À¬Ł{­¬Ł{FzRÁ
Ä
{­¬ŁjÁ¬
}a{a}F
Õ
jzÙÀi{FÁ¬
Ä
p¬pz
æ
Á|{
´Ä
{FÁ
Ï
}
Ãd
ŁŁ{aØÀ
[pÂ

Ã
{a?
(
{
ÂN
L±À
[
¬p}FÁ
Ã
®

{aOÚÙ
}a{
ÃÃ
{a
Ä
{±¬AÔRÀi{Ð?
(Ñ7
üqü
7
Î
æ|Õ
{F¬­}a{
ÃÃ
{a
Ä
{¿¬SÔÀª{±?
(Ñ7
üqü
7a°
È
å!Û 	#"\k§$4
ﬂ
¨BÜë§¶ÍÙìW¨ﬁZíå¨! h¨
«
©»§
ËÌØÍDÎ<Ý5ÏgÐkÑ6Òªq
yVDT]jST^
eKq_o3cfede
V
cfn
\j
cfe
TX3\
q
XZj
o
XyzT]s3^iyXDy
oZc
YiXDy^itj
cgoZc#o3c
XZs
Ü3Þuca
TÔß
_[q
j@yzT]Y
cfeWà

ÜÞáVÙ`âã¢c
\
Ü3ÞäVÙ`âBÙãEpc
\
oZc
\j
q
^
e?Ü3Þ.cåa
T±ßVDT]j\@^
n
XZæ
Yi^itj
cfe.à

Ü3Þç-ÙzÙ3-Ö.v]Ü3ÞÀVÙ`âè	é¢c
\
Ü3Þ®-ÙBÙfwZqµ
ê\@^ij
|o3cã
jST
_Zn

c
\uTY
{UVÙBÙë	{
(
j¬Łjz|­À
[±

ÃÃ
{FÁ

ÓRÁ|{
Ãd


Ó¶Á|{Fz|}a{pÀª{a}F¬
^[Ã
{Ó¶Á|{z|jÁ|
Ð
{Fz|jz|
Ä
{
Ä
Û|z

Ł{

{ òg®F¬Ł{pÁ
`Ãd
À×|j¬Ł[÷
Â
¬

{ìÙ
Ã
{a±jÎ?N{F¬Ł¸^{
Â
Î
Ãd
Î
Ã
{a¿úì?
(67
üqü
7a°
Łjz¶¬¸pÁ

÷
Ã
Á
Â
z|{FÁ
Ï
£
Ä
{
Ê
Ç?È ô
ÂÙ[æ
{Fz ³
ä Õ
¬

z
Ä
¸ÓRÁ|{
Ã
{a
jÎ?p{F¬Ł­}a
ÂÂ
{Ô?
(Ó7
üqü
7
Î
æ
^jz¶¬­ŁjÁ|p÷
Ã
Á
Â
z|{FÁ
Ï
£
Ä
{
Ê
Æ
ÂÙ[æ
{FzÜ³
ä
È
í
À
[
¬p
ÄUÑ
Áz

}Ł×

zR¬p
ÃÃ
jz×|
Â

æ
®Fz|{
Ä
{ô¶ãŁÁÀª{

z|
Ðj¤
À

R}^×|{aîU
{F¬
[Ã
Èk£KÆÇÇ
7Zä
¬

jÁ
Ð
{FzR¬ÓRÁ|{
Ã
{a
ŁÁÀª{

z|
Ðj¤
À
[
¬p}FÁ
Ã
®

{a

{FÀ
Ł
Ł{FzR¬Ł{Fz¶¬
ú&îgïNðÔñ
ÕWÄ
jzR¬
:]ò#ïNòÔñ
ÀªjÁ
¯Ã
{aØjÎ?N{F¬ŁØŁ{
Â
Î
Ãd
Î
Ã
{a´ú?
(ó7
üqü
7
Î
æ
{F¬
ñ<îïPî
ÀijÁ

}a{FÁ
Ï
À

}Ł×|{a
Ä
{?
(67
üqü
7a°
È
°
z
Ä
¸ÓRÁ|{Ý
^
z|}^×å{F¬
[Ã
È3£
7
üqü
©Wä
¬

jÁ
Ð
{Fz¶¬¸{Fz¶¬

{ó
©
ñ
{F¬
óqü
ñ
Ä
{ÌLz|
pÂÙ[Ã
{aO ŁÁ

Áz

}Ł×

zR¬p
ÃÃ
jz
Ä
{¿ó[ôÒ?
(
{
ÂN
È
kSU½ô ÈuÄU kk0Æ¶kAY!ÄW@¿ "kgÉÈpÊÖ¤ËZ
?RmjzÖ{
Ï
}
Ã
Á¬
Ä
{aÔ?
(
{
Â<
}a{a
FÐ
®Fz|{
Â
{FzR¬ŁÀ
[
¬p}FÁ
Ã
{


Õ:Ãd
ÀijÀÁ
Ãd
¬pjz
Ł
p
Ä
Á|{
ÃÃ
{£²ÓRÁ

{ap¬Ł{
ÂÙ
p

e÷
¬



{ ú
Ê
ã
ñ
ä
{ap¬À
[
¬p}FÁ
Ã
®

{
Â
{FzR¬×|
Â

æ
®Fz|{Èx

z
>
z
Â
jz|
Â
æ
Â
{

ÁŁ{Fz
Ä
{~}a{apÁÀi{

z|
Ð¤
LÙz|
pÂÙ[Ã
{a±O
Ä
{a
Ä
e¢
F
{Fz|}a{a¸Łjz¶¬¸jÎ|Ł{
pÐW
{a±¬

zR¬
Ä|
z|
Ã
{ÅpÀi{a}F¬

{ÅÓ¶Á|{
Ä|
z|
Ãd
}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{Èiî:{
ÂÙYÏ

Â
Á
Â2Ä
{
Ã
Á
Â
®

{À
Ł
Ł{FzR¬Ł{

z|pÁz|{
Ä
pÀi{

pjz
Ä
{
Ê
Ç?ÈÒã
ÂÙ[æ
{FzÉõ
Õ
}a{ÓRÁ\{ap¬
ŁaÄ
×Î¬Łj

{ÀijÁ

û



{
Ä
{}a{ajÎ?p{F¬Ł
Ä
{az
Ä
}

¬Ł{FÁ


Ä
{
Ä
p¬

z|}a{ÜŁÁ·Ù
[ÂÂ
{Fz¶¬~À
Ł
}F>È¯­z|{{
p
{FÁ
~Ä
{Ç?ÈÒã
ÂÙ[æ
z¬pÁ
Ä
{
}a
p
{aŁÀªjz
Ä
úÁz|{
Ä
e¢
F
{Fz|}a{
Ä
{±ô$
ñ
{Fzò|Á
ÏBö
Łj¬lÁz|{
Ä
pÀi{

pjz
Ä
{Æ
©
ñ
ŁÁ
lÃdÅÄ
p¬

z|}a{p÷
ø
¨4Z4Dùﬃ 
¦
ÍZ©»¨
ﬂ
§
ﬂ
Í4Y§Ú 
¦
 '"í$©
ﬂ
¨dﬁY©dÍù
¦
" í
¦
Ì\©»íÉ"_í §¶Í »§ Í
¦
"\Ì
*
§
*
ùRì<4Y¨ª©ﬁﬁ
¦ﬂ
ìW§
*
§Ú 
¦
ì¶¨"u4
A
§
*
§
 '"_íÖ©ú$4[§¢û¯§<üØ§WÍ¢£Éý±2©' ' ²©»uﬁ
¥
î

z

¬pÁ

{û



zR¬Î{Fz
Ã
{a±}Ł×|^{a
Õ
jzÞ
Ñ
{aŁ¬

Ài{
ý
Á

Á
Ä
ÎÁ¬
Ä
{a

zz

{a
7
üqüÇ £Øõ¯×
ÃÃ
À|
7
üqü
©Wä
Ó¶Á|{
ÃdÐ[


¬pjz {Fz
Ã
Á
Â
z|p¬

{ap¬Ø}a
pŁFÃ
{¸ú
Ãd
ûK
pÂ
{
Ä
{
Ãd
}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{
Õ
ûKjÁ

zŁ

zR¬

z|pªÁz
Â
ZÔW{Fz
Ä
{}
[Ã
Î

{
nÃdÅÃ
Á
Â
z|p¬

Á
ÂÙYÏ

Â
Á
ÂëÄ
{a?
(
{
Â<
È
þß
__[q
\ST
_
\#Y
cx
XZs 
c
\#Y[TyzT
q`_
^k\@X
oZcv[q_
T	
 
 åS

{qÜ
^
cte
\uY[T
o
^
e
\ST
_Dntc`v
ﬀﬁﬂ
ﬃ
 

 
{
å#%' ¢¡"kËe§ﬃﬁaÍ	/^ìW§ÞÊ#"mË;"
ﬂ
§¤£ì2
¦ﬂu*
§U ' h§ﬁaÍ
¦ﬂu*¦
4
*¦¥
å!
õ_jÁ

ÓRÁ

z¶¬peÛg{

}a{F¬p¬Ł{¿jÎ|Ł{
pÐ
¬pjz
Õ
õ¯×
ÃÃ
À|£
7
üqü#"
än
z¶¬


Ä
Á¬
Ã
{¸À
[^[Â
®F¬

{%$'&
È þ
Õ
ŁjÁ
Ð
{Fz¶¬
Ä
¬Ł{

÷
Â
z

ÀijÁ
lÃd
Î

z
Ä
{±õGÙ
$&)(
È þ+*
&
(-,/.
( 0214365
ù
&
(,7.
( 0214398
ñ&>
pjÁ

:5 £»ô|È
7Zä
<;
.
(
0214=¸û

¬
Ł
û
F
{Fz|}a{ú
ÃCÑÚ
ÀiÓ¶Á|{
Ä
Á
ÂÙYÏ

Â
Á
Â/Ä
{
Ã
Á
Â
®

{
Ä|
z|
Ãd
Î

z
Ä
{ÝÈ
è

Â
À¬Ł{±¬Ł{FzRÁ
Ä
{±}a{F¬p¬Ł{¸}a
pŁFÃd
¬pjzjÎ|Ł{
pÐ
¬pjzz|{
ÃÃ
{
ÕÃdÃ
Á
Â
z|p¬
¿
Á
ÂÙYÏ

Â
Á
Â
Àª{FÁ¬N÷
æ
¬

{¸}a
p

æW
{
ÀijÁ
Å
¬p¬Ł{Fz
Ä?
{ Áz|{
Ä
pÀi{

pjz
Ä
{~Ł{FÁ
Ã
{
Â
{FzR¬ÙÇ?ÈÒÆ
ÂÙ[æ
£²¾
[Â
ÁÔ{F¬
[Ã
È
7
üqü&j}
ä
È3¾
[Â
ÁÔ${F¬
[Ã
È
£
7
üqü&[Î
ä
jÎ¬p{Fzz|{Fz¶¬
Ã
{a

{
Ãd
¬pjz|ÙŁÁ
Ðj
zR¬Ł{aÀªjÁ

Áz
Ã
j¬
Ä
{ À
Ã
Á|
Ä
{ÜÆÇ pÁÀi{

z|
Ð¤
À

R}^×|{aŁpÁ|{a
Ä
Á

{
Ã
{
ÐW
è
[Ã?>
z½ø
°

Ã

Ã
 £²¾
[Â
ÁÔ{F¬
[Ã
È
7
üqü&
Wä
Ù
@
(0214=
ù->
ÆA BCED
*
,
ù>ñ#F<9gú<:qúïò<9gò	GHF
5I8
,
ò&9;ò#F	Gïò&9ñ#F<:
5J $& (
È þ
ù ñ<9gñ	K
J
*
ò&9ñ&ò
ÂÙ[æ
£»ô|ÈÒÆ
ä
@ML
0214=
ù->
ÆA BCED
*
,
ù>ñ#F<9gú]ú&:ïò<9gò	Gd:
5I8
,
ò&9;òqò<òïò&9ñ&>]ò
5J $&
(
È þ
ù ñ<9gñ	K
J
*
ò&9ñ
G
ÂÙ[æ
£»ô|È"
ä
@MN
0214=
ù->
ÆA BCED
*
,
ù>ñ#F<9gò<>#Fïò<9gò	G#G
5I8
,
ò&9;>&ò<>ïò&9ñ&òF
5J $& (
È þ
ù ñ<9gñ	K
J
*
ò&9ñqú
ÂÙ[æ
£»ô|È ô
ä
`z|p
Õa·ªºr­ﬃØº¹b`­>·½9»©#OY¹½``ªUº«­ﬃ
ª½`­ﬃa½­¹­¹Z¼
½­U

¹B
º½QPp¹

½W´à½µª
SR
·8º«­$´º½

ý
³Fº«
½

½F¹³h©&­»TPŁ½

½¸ºr­U
VU»Ł½½`ªkº½`ª
£
Ð
j

Û
æ
Á

{±ô|ÈÒÆ
ä
ÈXW

z|
Ãd
Î

z
Ä
{EY
ÕÃ
{a
À
Ã
Á|
Ã
Á
Â
z|{FÁ|Ł{a´À
Ł
Ł{Fz¶¬Ł{FzR¬nÁz

À

Á
Ã
{
Â
{Fz¶¬

À

®a
Ã
{
ÂÙYÏ

Â
Á
ÂÜÕ\
À

Á
Ã
{
Â
{Fz¶¬ÅÓRÁk
ÑÒ[Â
À
Ã
eÛg{
Ð
{


Ã
{a¿À
Ã
Á|
æ^
z
Ä
{a
Ã
jz
æ
Á|{FÁ


ÄUÑ
jz
Ä
{
Õ
ÀªjÁ
¿Ä
jzz|{

ÁzŁ{a}ajz
Ä ÂÙYÏ

Â
Á
Â
{FzÜÎ

z
Ä
{[Z£
Ð
j

Û
æ
Á

{
7
ÈÒã
ä
È
ø`{
ÂÙ[
Ó¶Á|jz|Ó¶Á
Ñ

Ã
Ł{
Â
Î
Ã
{{
Ï
p¬Ł{

Áz|{}a
pŁFÃd
¬pjz{FzR¬

{
Ã
{¬

Á
ÏÖÄ
{
Ä
}

j^

z|}a{~{F¬
Ã
{¬AÔRÀi{
Ä
{
Ãd
æ¶[ÃdYÏ
{¸×\j¬Ł{p»
Ã
{anÀ
Ã
Á|
Ã
Á
Â
z|{FÁ|Ł{a-]^$&
È
þﬂ_
ñ&9=:
]

¬

zR¬
Ä|
z|
Ã
{anpÀ
^[Ã
{a
ÕÃ
{a
Â
jz|
Ã
Á
Â
z|{FÁ|Ł{a-]
$&
È
þ
ðfñ<9=:
] À
Ã
Á¬ﬀ\j¬
Ä|
z|
Ã
{an{
ÃÃ
À¬pÓRÁ|{a£Øõ
[

Ä
{F¬
[Ã
ÈgÆÇÇÇ
ä
È
ø
¨d4D4Dùﬃ 
¦
ÍZ©»¨
ﬂ
§
ﬂ
Í4Y§É 
¦
 '"í$©
ﬂ
¨dﬁY©dÍù§WÍK 
¦
ìW¨". »§ﬃ"u4
¦
"àí
¦
Ì\©²íÉ"í
°\
ÀÀáâÝ
^
z|}Ł×Ö£
7
üqüqü
ä
Á¬p
Ã
Ł{FzR¬
Ä
{FÁ
Ï
À
[^[Â
®F¬

{a­ÀªjÁ

Lp¬

z
Ä|[ŁÄ
^{

O
ÃdÃ
Á
Â
z|p¬
¸Ä
{anpÁÀi{

÷
z|
Ð¤
Ù
Ã
{¬

Á
ÏÄ
{
Ä
}

jŁ

z|}a{+$&
(
È
þ
ÄUÑ
Áz|{À
[
¬
Õ
{F¬
Ãd
}ajÁ
Ã
{FÁ

õ
ùa`

Á
ÂÙYÏ

Â
Á
ÂÜÕÄUÑÒ
Á¬

{¸À
[
¬>ÈXb
Ã

jÎ¬p{Fzz|{Fz¶¬

z|p:Áz|{¿}a
pŁFÃd
¬pjzz|jzz
FæÃ

æ
{

Î
Ã
{
>Ð
{a}
Ãd
}ajÁ
Ã
{FÁ

Ù
@
(0214=
ù->
ÆA BCD
*
ù>ñ#F<9gú<ð
8
ò<9 GF&:
ÆJ $&
(
È
þ
ùñ<9gñ
K
8
ñ<9cF&ò<î
Æ
,
õ
ùd`
5
0214=
£»ô|ÈÒã
ä
è
{F¬p¬Ł{}a
p
{a}F¬pjz {Fz }ajÁ
Ã
{FÁ

¬p{Fz¶¬}a
Â
À¬Ł{Þú
Ãd
û²j
Ä
Á

jÁ
æ
ŁŁ{
Â
{FzR¬~zR¬Ł{

p¬Ł{
ÃÃd


{

Á z
Ð
{

Á
Ä
{
Ãd
æ¶[ÃdYÏ
{±×\j¬Ł{
Ä
{
Ãd
ŁÁÀª{

z|
ÐjöjÕ?ÂÙ


Á|Łp
ÄUÑ
Áz|{
FÐ
{FzR¬pÁ|{
ÃÃ
{
Ä
e¢
F
{Fz|}a{
Ä
{¸}ajÁ
Ã
{FÁ

{Fz¶¬

{
Ã
{a
Ä
e¢
F
{Fz¶¬Ł{a
pÁÀi{

z|
Ð¤
È
õ¯×
ÃÃ
À|¯{F¬
[Ã
È£
7
üqüqü
ä
Á¬p
Ã
Ł{FzR¬
Ãd
L­}a

z|}F
Ä
{Fz|}a{OjÎ|Ł{
pÐ
¬pjzz|{
ÃÃ
{´Ó¶Á
Ð
{FÁ¬_ÓRÁ|{
Ãd
}ajÁ
Ã
{FÁ

õ
ùe`
Ä
{a
?
(
{ﬂb
FÐ

Ã
Á|{
Ä
{
Ãd¿Â
æ
Â
{
ÂÙ
z®

{±{Fz¶¬

{+"Ç{F¬lüÇnpjÁ



À

®a
Ã
{
ÂÙYÏ

Â
Á
ÂÜÕ
ÀªjÁ
´Â
{apÁ

{

ÃCÑ
{
Ï
¬pz|}F¬pjz
À
[Ãdæ¶[ÃdYÏ
{×\j¬Ł{
Õ
{F¬

z|p±{Fz
ÄaÄ
Á

{
ÃdåÐj[


¬pjz
Ä
{
Ãd
}ajÁ
Ã
{FÁ
ÜaÐ
{a}
ÃdÂÙ[æ
z¬pÁ
Ä
{

Î|Ł
Ã
Á|{

Á
ÂÙYÏ

Â
Á
Â
Èfb
Ã
:}ajz|}
Ã
Á|{FzR¬

z|pRÓ¶Á|{
Ãd
}a
pŁFÃd
¬pjz{Fz¶¬

{
Ãd´ÂÙ[æ
z¬pÁ
Ä
{

Á
ÂÙYÏ

Â
Á
Â
{F¬
Ãd
}ajÁ
Ã
{FÁ

À


Ð
{Fz¶¬
ÁzÓRÁ|{
Â
{Fz¶¬
Ä
{
ÃCÑÒ
Î|Ł

À¬pjzÀ
[3Ãd`æ¶[ÃdYÏ
{
×\j¬Ł{¿£
Ð
j

Û
æ
Á

{
ô|È"
ä
È&

õ
[

Ä
|{F¬
[Ã
È£KÆÇÇÇ
ä_[pæ
Á|{Fz¶¬kÓRÁ|{
Ã
{FÁ

{ap¬p
ÂÙ
¬pjz
Ä
Á

jÁ
æ
ŁŁ{
Â
{FzR¬Ø{ap¬mpÁ
ŁFÐ[Ã
Á

{
Õ
}a{lÓRÁ
Ãd
Ł^{
Ä
{
Ãd
À
Ãd
}a{lÀijÁ

Áz|{n}ajÁ
Ã
{FÁ

zR¬

z|Ł®aÓ¶Á|{È
þfRﬃTVZj
|fecf_ZnfcÐoZcq
T]
q
XìV
q
X
ee
^itj
cfe
^
_
\
c
j
e
\
c
Y[Y[T]^ij
ctee
XZjYrTYi^
q`_ZcoZc}
^
e|fcÐoZc
Y[T
e
XZV
c
j
_[qh}
T
q`wDec
j
}	|fc
VZj
qh}Fql
X
c
X
_Dc
T
wZeKq
j@V3\@^
q_Nl
XZ^
o
^[y^
_
X
c
T
}`cfn
Y[TY
q`_Zq
X
c
XZj
o
m
q`_DoZc±oZc
Y[TY[XZy^itj
c
j
chg
X
c{[Ò
m
cfe
\bY=m
c

c
\
oZc
IKcH;
iH=e@C@<7AGn7ATYB
{FÜ
^
q_ìnNq`_Z_
Tkjr\
VThjT^iYiY
c
XZj
e
YrT
n<q
XDY
c
X3j^
_
\j@^
_De

l
X
coZc
Y=m
q`w'c
\
qwDec
j
}	|vªq_
V
c
XZ\zy
cte
XZj
|
Y
c
j
q
X
q
^
eec
y
cf_
\
nNq
yy
c|
\ST
_
\9lmonqpsr2tﬂ
monupvr2tVwVx4yzpemon{p|r2tﬁ}
{ã
^
cf_eKq
X
}	ct_
\
v
Y[T
nNq
XDY
c
XZjg^
_
\j@^
_De

l
X
cp_
m
cfe
\gVT
e#w
^
ct_bnNq`_Z_
X
c`vDo
m TX3\ST
_
\#VDYiX
eul
X
cpo
T
_De
Y
cWn
T
euoZcfe
e
XDV
c
j
_[qh}
~Úc
YiY
c}
T]j@^
c
T
}	cfn
YrTVZT
ec

}Fq
^kj
{[{ ë	{5Ü
^ﬃY
c
j
q
X
q
^
eec
y
cf_
\.VZj
qh}Fql
X
|
VDT]j
_Yq
\j
cé
TY[T]s3^
cWcfe
\.j
c
Y[Th\@^
}`c
y
cf_
\
w
^
cf_
nNq_D_
X
}Fq
^kj
ãu{ ë	vcf_
j
cf}
T
_Zn

c
^iY
cfe
\
oZ|
Yi^
n
T]\
oZcge|
VThj
c
jEY
c
j
q
X
q
^
eec
y
ct_
\
o
Y[T
q
TY[T]s3^
c
\
cxo
m X
_Dcgo
^i
|
j
cf_DnfcuoZcgnNq
XDY
c
XZj
^
_
\j@^
_Ze

l
X
c
T]XZs
e
XDV
c
j
_[qh}
~.{
H 	#"\k§$4
ﬂ
¨BÜë§¶ÍÙìW¨ﬁZíå¨! h¨
«
©»§
1 1.5 2
-17
-18
-19
-20
-17
-18
-19
-20
-17
-18
-19
-20
90Y 93H
92K
ËÌÍDÎ!Ý5ÏÚSÑ
RUTyzT
q_
^k\@X
o3c
T
wZeKq
YiX
cåo
T
_De
Y
cteuw
T
_o3cfe
n
v
r
c
\
vhcf_~eq_Dn
\@^
q_o
XåVDT]jSTy\j
c!o3c~eq
j@y
c`v
Ł
ß
{
RUT
e
XDV
c
jæ
_Yqh}
T
Ü3ÞÚ-ÙBÙ
:v
^
_
\j@^
_Ze

l
X
c
y
cf_
\ﬃj
q
X
qc0c
\
eKq
X
e
æﬀYiXDy^
_Dc
X
ec
_
m
cfe
\0VDT
e
^
_Zn
YiX
ecuo
T
_Ze
Y=m T

X
e
\
c
y
cf_
\
{8Ö
^kj
|.o3cg
TyåX
c
\ET]Y
{
VÙBÙèwﬃ{
ËÌØÍDÎÝ5Ï%Ñ
T
q`_
^k\@X
oZc
T
wDeKq
YiX
cpo3cDÜ3Þuc.a
T\jST
nf|fcxcf_z~eq_Dn
æ
\@^
q`_o3c
Y[T
nNq
XDY
c
XZjWn9 7per6 7
{
RUTåyzT
q`_
^k\@X
oZc
T
wDeKq
YiX
c
cfe
\
oZ|
\
c
j@y^
_Z|fc
Y;m T]^
o3co
m X
_|fn
T
_
\@^iYiY
q`_n
T]Y[^
w
j
|
VDT]j
oZcfe
Ò!|
VZ
|fﬀoZctefv	cf_e
XZVDV
q`e
T
_
\
l
X
cgNèë3{ ë
y
'ek
Ł
@
V
n

Ł
{
RUT
o3|
V
cf_Do
T
_Znfc±oZc
Y[TyzT
q_
^k\@X
o3c
T
wDeKq
YiX
c±c
\
o3c
YrT
nNq
XZæ
Y
c
XZjT
}`cfn
Y
c
\STXZs
oZco3|fn
j
q
^
ee
T
_Dnfc
T
|
\
|Ðe
XDVZVZj@^iy
|fc
^
n
^
{
R
c
j
q
X
q
^
eec
y
cf_
\
q
T]Y[T
n
\@^
l
X
c

oZq`_D_Z|
VDT]j
ãu{ cfe
\z^
_o
^kæ
l
X
|
VThjpY
cfeo
j
q
^i\
ctezWq`_±nNq`_Ze
\ST]\
cl
X$m
c
Y[Y
cfe
T

X
e
\
cf_
\VDYiX3\\
w
^
cf_
Y
cfeoYq_D_Z|fcfefv<nfcl
XZ^BY[T^
eec
V
ct_Dec
j
l
X
c
Y[TV
q
X
ee
^itj
c
l
X
cpnNq_
\@^
ct_D_Dct_
\uY
cfe.q
TY[T]s3^
cfe
\
cfe
T
oZcfe
VZj
q
VZj@^
|
\
|feue
^[y^kæ
Y[T^kj
cfefvDcf_
y
q

cf_Z_Dc`v
Y[TV
q
X
ee
^itj
co3cp_[q
\j
cpé
TY[T]s3^
c`{]Ö
^kj
|
oZcÕ
Z^[YiYi^iV
egc
\uTY
{$-ÙBÙzÙ3{

¦
í®ù¶Í32\¨
*
§)â
ø
	 û£só"u hÍZ©»ìW¨! h¨4~Ø©
«
2ªÍ
ø
"g4Y8§	E2
¦
m§
¥
øn{aŁ±{F¬
[Ã
È¯£
7
üqü&
ä
jzR¬¸z¶¬


Ä
Á¬¿Áz|{}
[^
}F¬
F


¬pjz
[Ã
¬Ł{

z

¬p
Ð
{
Õ:Ä|
z|
Ãd
Ó¶Á|{
ÃÃ
{ÅÁzPLÙÀ

¬

jzå}a

÷

{a}F¬peûO{ap¬

pjÁ¬

jÁŁjÁ|p¬
^
¬±úÁzÀ

¬

jzÞp¬

z
Ä|[ŁÄUÕ
}a{ÓRÁ

ÀªjÁ

{ ¢i{F¬
ÄUÑÚFÃd[pæ


jÁ
Ä
{
Ł
¬
Ł
}F
Ã
{a

À

Á
Ã
{
Â
{FzR¬Ł
Ä
{
Ãd
}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{´{F¬
Ä
jz|}
Ä
{Øû



{
Ð[
{

Łjz

}Ł×|{
ÃÃ
{
Ä
{Ø¬Ł{
Â
À|
Õ
{F¬3}a{
Ä|
z|
Ã
{a_Î

z
Ä
{a
õ
Õ
`
Õ
Y{F¬[Z
Õ
¬ŁjÁ¬¿{Fz¬Ł{Fz

z¶¬}a
Â
À¬Ł{
Ä
{
ÃCÑÒ
Î|Ł

À¬pjzÖÀ
[¸Ãdæ¶[ÃdYÏ
{Å×\j¬Ł{È\è
{F¬p¬Ł{
Â
¬p×|
Ä
{{ap¬¸Î



{
ŁÁ

Áz

}^×

z¶¬p
ÃÃ
jz
Ä
{SüpÁÀi{

z|
Ð¤
À

}Ł×|{a
Ä
jz¶¬
Ã
{a
Â
{aŁÁ

{a
ÄUÑ
{
Ï
¬pz|}F¬pjz{F¬
Ä
{
Ä
p¬

z|}a{~ŁjÁ?¢

{Fz¶¬
ÄUÑ
z|}a{

¬p¬pÁ
Ä
{aZÈ
(`>
z
Â
jz|
Õ
Áz|{z|jÁ
Ð
{
ÃÃ
{

z
[Ã
ÔŁ{
Ä
{
ÃdÙÂ
¬p×|
Ä
{{Fz¢õ {F¬
`
ú
ÃCÑÒ

Ä
{
ÄUÑ
Áz

}Ł×

zR¬p
ÃÃ
jz
À
Ã
Á|­
Â
Àª

¬

zR¬­À
[
ø­{aŁn{F¬
[Ã
È\£
7
üqüó
ä´Ä
jzz|{¿Áz|{
Â
{F
ÃÃ
{FÁ

{¿À
Ł
}Fpjz:È
Úﬂ
ﬁ>§U"u Ø
¦
4
¦
í®ú¶Í4Y§
*
Ë=ù¶ÍZ©½4[§RíÖ§
ﬂ
ÍÚûp »§ä£ÉﬁaÍ4Y§¶Í>ìD2Â¯
¦
ìÍ>¨d4
¥
õjÁ



À
[
¬
Ã
{
°­>·½9»©#OY¹
ü
©D`©jºê©]
ñÐ§
»©ha½h³µª
À
[^[Â
¬

^{
ÃCÑ
{Fz|^{
Â
Î
Ã
{
Ä
{
Ãd
}ajÁ

Îi{
Ä
{
Ã
Á
Â
®

{
Õ
{Fz

¬p
^
zR¬`jÁ{Fz}ajz¶¬
^
}F¬

z¶¬
Ã
z
>


{
Â
{Fz¶¬
ÃCÑÚ
}Ł×|{
ÃÃ
{
Ä
{¸¬Ł{
Â
À|
ÄUÑ
Áz|{}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{À

¬

jz$£
.
£k
/ ?¡ﬀ¢
*
£¤
.
¤
1
¥/ £k¥
ä
À
[
Áz
²F¹<³ªS½`­»
¦
ý
ª'
»p½`Ù½`ª
£
£hL
`ª4»Ł½	ª@³ þK²a¹<³µª@©»
O
ä
£Øõ_{
pÃÂ
Á¬p¬Ł{

{F¬
[Ã
È
7
üqü§ç»[õ_{
pÃÂ
Á¬p¬Ł{

{F¬
[Ã
È
7
üqüqü
ä
È|è
{F¬p¬Ł{
Â
¬p×|
Ä
{`û²jz|}F¬pjzz|{±Ł{FÁ
Ã
{
Â
{FzR¬lÀªjÁ

Ã
{a
Î

z
Ä
{a¨
Õ
õ {F¬
`
£
Ã
{a´}ajÁ

Îª{a
Ä
{
Ã
Á
Â
®

{
Ä|
z|
Ã
{alÎ

z
Ä
{aﬂYâ{F¬'ZÀ
Ł
Ł{FzR¬Ł{Fz¶¬`Áz

À

Á
Ã
{
Â
{Fz¶¬À
Ã
Á|njÁ
Â
jz|­À


FÂ
z|{FzR¬
ä Õ8Ä
{FÀÁÆÇ`NjÁ


aÐ
z¶¬
å#%' ¢¡"kËe§ﬃﬁaÍ	/^ìW§ÞÊ#"mË;"
ﬂ
§¤£ì2
¦ﬂu*
§U ' h§ﬁaÍ
¦ﬂu*¦
4
*¦¥
0 
Ã
{
ÂÙYÏ

Â
Á
Â
NÁ|ŁÓRÁ
Ñ
úô¶ÇpjÁ



À

®a>È
W±{À
Ã
Á|l
Ã
{
Ï
Ł¬Ł{`Áz|{¸}a
pŁFÃd
¬pjz{Fz¶¬

{
ÃdÂÙ[æ
z¬pÁ
Ä
{

Î|Ł
Ã
Á|{¸{FzNõ

Á
ÂÙYÏ

Â
Á
Â©@
(
{F¬
Ã
{`û

}F¬Ł{FÁ

ÄUÑÚ
¬p

{
Â
{Fz¶¬
£
Ù
@
(
*
@
( ,
£
*
ñ
5
ù«ª
(u¬ ,
£
ùñ
5k­ £»ô|Èi
ä
ø
¨8íÖ
¦
4
¦
©ﬁ>¨
ﬂá*
§ﬃﬁÍ4[¨8©ﬁí®ù¶Í32\¨
*
§$ﬁ
î:{FÎÁz
Ä?æ
Á¬£KÆÇÇÇ
ä
}a
Â
À
[
{
Ã
{a´¬

j
Â
¬p×|
Ä
{a
Ä
{±}a
p
{a}F¬pjz
Ä
{
Ãd
ûK
pÂ
{
Ä
{
Ãd
}ajÁ

Îi{
Ä
{
Ã
Á
Â
®

{
{Fz¬
^ﬃý>
z¶¬
Ãd
}a
p
{a}F¬pjzÅ{Fz
ÂÙ[æ
z¬pÁ
Ä
{

ÀÀi

¬

{kÀ
[3Ã
{a
Â
¬p×|
Ä
{aLî_è?ÐO{F¬Llû

}F¬Ł{FÁ
_ÄUÑÚ
¬p

{
Â
{FzR¬åO
{FzÜûKjz|}F¬pjz
Ä
{}a{
ÃÃ
{

ÀÀª

¬

{À
[­Ã
{®$&a¯
þ
ÙgÁz

}
[
¬±p
æ
zeÛg}

¬peûØ{Fz¶¬

{
Ã
{a
Â
¬p×|
Ä
{a{ap¬

z|Ł
Â
{Fz
FÐ

Ä
{Fz|}a{Ù
$&a°²±®³z´¶µ·
*
ò<9=ò<òïò&9gñ]ú
$&{°¸¹
Ł
ß
·8
ò&9;:&>ïò&9ò
G
£»ô|È²§
ä
$& °²º¼»¾½4¿4»cÀÁTÂTÃÄÀV»¾Åh½	·
*
ò<9=:<ðïò&9gò	G
$& °¸¹
Ł
ß
·
ùò&9òqúïò&9òqñ
£»ô|ÈÒó
ä
ÀijÁ

$&
°¸¹
Ł
ß
·ÇÆ
J
ù>ò&9;:#ÈHò<9=ò	K
»¶$&v{aŁ¬
Ãd
}a
p
{a}F¬pjz{Fz
ÂÙ[æ
z¬pÁ
Ä
{ÀªjÁ
­Ä

Ð
{

^{a
Â
¬p×|
Ä
{aZÈ
b
Ã
{ap¬
Ä
jz|}
Â
Àª

¬

zR¬
ÄUÑÚ
¬pÁ
Ä
{

}a{a
Ä

Ð
{

Ł{aÀ
[^[Â
¬



¬pjz|
aÐ
{a}
Ä
{a
Ã
j¬Ł
Ä
{pÁÀi{

z|
Ð¤
×|
Â
[÷
æ
®Fz|{anÀ
Ã
Á|n
Â
Àª

¬

zR¬>È
É
":Í4[§$ﬁì¶¨d4D4ZùU 
¦
ÍZ©»¨
ﬂ
ﬁ
b
Ã
{ap¬
Fæ¶[Ã
{
Â
{Fz¶¬ÀiŁpÎ
Ã
{¸ÓRÁ|{¸}a{

¬

z|{a­}
[^
}F¬
F
p¬pÓRÁ|{a`ŁÀª{a}F¬
^[Ã
{an}a
ÂÂ
{
ÃdÐ
¬Ł{a^Ł{
ÄUÑÚ
N{a}F¬pjz
Ä
{
}a{

¬

z|
FÃFÂ
{Fz¶¬Ł
ÕªÃd
À

[ûKjz
Ä
{FÁ
±ÄUÑ
Áz|{
^
{
Õ
{F¬Ł}
Õ
ÀÁŁŁ{FzR¬
æ
¬

{}a
pŁFÃ
{a
>Ð
{a}
Ã
{¬

Á
ÏÄ
{
Ä
}

jŁ

z|}a{
Ä
{
Ãd
}ajÁ

Îi{
Ä
{
Ã
Á
Â
®

{~£
Ð
j

À
[
{
Ï
{
Â
À
Ã
{
(
Á
æ
{Fz¶¬{F¬
[Ã
È
7
üqüã[Î
ä
È
lË¨4[©
«
©
ﬂ
§Üx2dä#ﬁZ©»Ê#"\§
*
§ 
¦
ìW¨4Z4Dùﬃ 
¦
ÍZ©»¨
ﬂ
§
ﬂ
Í4[§ '"_íÖ©
ﬂ
¨ﬁZ©hÍùÜ§WÍÙÍ
¦
":Ì
*
§
*
ù¶ì<4[¨8©ﬁﬁ
¦ﬂ
ìW§
(
jÁ|
aÐ
jz|
Ð
Á

ÁËÊÄ"?ÈÒã ÓRÁ|{
ÃdÃd[pæ
{FÁ
¿Ä
{
Ãd
}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{
ÄUÑ
Áz|{Ì?
(
b
 Ä
Àª{Fz
ÄÄ
{
ÃCÑÚ
z|{
pæ
{
}Fz

¬pÓRÁ|{
Ä
{
ÃCÑ
{
Ï
À
Ã
pjz
Õ|Ä
{
ÃdÅÂÙ
Ł^{

N{a}F¬

{¿{F¬
Ä
{
ÃCÑ
jÀ

}F¬

£

Ó¶Á

¬pjzs"?È"§
ä
È
í
À
[
¬p
 ÄUÑÒ[pæ
Á
Â
{Fz¶¬Ł ¬

z¶¬¬p×



ÓRÁ|{a~ÓRÁ
Ñ
jÎ|Ł{
pÐ
¬pjzz|{
Ã

Õ


öaö
[Ã
`{F¬
[Ã
È£KÆÇÇ
7Zä
pÁ
ææ
®

{Fz¶¬ÓRÁ|{
ÃCÑÚ
z|{
pæ
{Þ}Fz

¬pÓ¶Á|{{F¬
ÃdÂÙ
^Ł{

p{a}F¬

{Üz|{ÜÀi{FÁ
Ð
{Fz¶¬~À

ÙzR¬Ł{
pÐ
{Fz

ÀijÁ

{
Ï
À
Ã
ÓRÁ|{
ÙÃ
{a
Ð[


¬pjz|
Ä
{
ÃdÃd[pæ
{FÁ
Ä
{
Ãd
}ajÁ

Îi{
Ä
{
Ã
Á
Â
®

{jÎ|^{
pÐW
{a>È#`z|pmŁ{FÁ
Ã
{
ÃCÑ
jÀ

}F¬

Ài{FÁ¬
Ð[
{

ÀªjÁ

{
Ï
À
Ã
Ó¶Á|{

}a{F¬p¬Ł{
}a
pŁFÃd
¬pjzjÎ|^{
pÐj
¬pjzz|{
ÃÃ
{È
¾R{ ò|}^×{F¬
[Ã
È£
7
üqü&
ä
pÁ
ææ
®

{FzR¬ÓRÁ
Ñ
Áz|{¿pÁ

À


Ä
Á|}F¬pjz
Ä
{
þ-ß&(
:{Fz
æ
{Fz
Ä?
{À
Ã
Á|
Ä
{¿}^×
[Ã
{FÁ
>Õ
{F¬
Ä
jz|}
Áz|{¿jÀ

}F¬

À
Ã
Á|n
Â
Àª

¬

zR¬Ł{È


öaö
[Ã
ª{F¬
[Ã
Èi£KÆÇÇ
7Zä
jÎ?p{a}F¬Ł{Fz¶¬lÓRÁ|{
Õ
}a
ÂÂ
{
Ãd
À
Ã
ÁÀ
[
¬
Ä
Á
þ-ß&(
gz
Ñ
{ap¬
À


ÂFÃd
z
æWÕ
Áz|{

Á
æÂ
{Fz¶¬

÷
¬pjz
Ä
{
Ãd
À


Ä
Á|}F¬pjz
Ä
{
þß
(
iz|{^{
Ł
Ài{

}FÁ¬Ł{±À

´
ÂÂaÄ


¬Ł{
Â
{Fz¶¬pÁ

Áz|{±×

Á|ŁŁ{
Ä
{
Ãd
¬Ł{
Â
À
F^
¬pÁ

{È
b
Ã
{
Ï
À
Ã


{Fz¶¬ÀªjÁ
¿Ã
{FÁ

À
[
¬
Ã
{û

¬Ó¶Á|{
ÃCÑ
jÀ

}F¬
Ä
{a{<N{a}F¬

{aŁ¬
Ä

Â
z

{~À
[ÃCÑ
jÀ

}F¬
ÙÄ
{a
^
{a
Ä
{a
{apÀi®a}a{a
Ä
{û

Î
Ã
{Åjz

¬pjz
Õ
{F¬
Ä
jz|}
Ä
Á z|
Â
Î

{
Ä
{
^
{a±À
Ł
Ł{Fz¶¬Ł{aÀªjÁ

}a{a
FÃFÂ
{FzR¬Ł>È#`z|p
Ã
{a
FÃ
÷
Â
{Fz¶¬Ł
Ä
Á
æ
jÁÀi{
Ä
Áû²{

£'5|{ÌbS÷S5|{Ìbﬀbﬀb
Õ
è
sbC÷<è
sbﬀb:b
Õu(
bC÷
(
-bﬀbﬀb±{F¬Ł}È
ä
ÀijÁ
p^
{Fz¶¬
æ
¬

{
Ã
{aÀ

z|}FÀ

Á
Ï

{apÀijz|

Î
Ã
{a
Ä
{
ÃCÑ
jÀ

}F¬
±Ä
{a´{<p{a}F¬

È`z|{
Ðj[


¬pjz
Ä
{
Ã
{FÁ
´
Îijz
Ä|
z|}a{ÎÍÐÏ
VÑcÒ-¤
£²{F¬
Ä
jz|}
Ä
{
ÃdÂÙ
ŁŁ{
Ä
{
z}ﬀÓW{
Ãhä
{Fz
æ
{Fz
Ä?
{
[Ã



ÃdÅÐ[


¬pjz
Ä
{
ÃCÑ
jÀ

}F¬
QÔ
³Õ´

{a}^×|{

}Ł×

{
ÕUaÐ
{a}

ÁÜÀ

{
Â
{


ŁÄ?
{
Ô
³Õ´dÖ
Í
Ï
VÑcÒ-¤
È
`z|p
Õ
À
Ã
Á|
ÃdÂÙ
ŁŁ{
Ä
{±z}ﬀÓW{
Ã
û

Î

Ó¶Á

{¸{aŁ¬

Â
Ài

¬

z¶¬Ł{
Õ
À
Ã
Á|ÍÐÏ
VÑcÒ-¤
{aŁ¬
æ^
z
ÄUÕ
{F¬
Ä
jz|}±À
Ã
Á|
ÃCÑ
jÀ

}F¬

{ap¬
æ^
z
Ä
{È
W

z|±¬ŁjÁ|
Ã
{a¸}


Õ

Ã
Ł{
Â
Î
Ã
{ú~Ài{FÁ À

®a
jÄ?Â
¿Ó¶Á
Ñ
Áz|{
ÂÙ
Ł^{
Ä
{z}:ÓW{
Ã
À


Ä
Á¬Ł{ÅÀ
Ã
Á|±
Â
Ài

¬

z¶¬Ł{
{Fz
æ
{Fz
Ä?
{Áz|{À
Ã
Á|
æ^
z
Ä
{ÅjÀ

}F¬

ÈW

z|±}a{}


ÕgÃ
{a`À×|j¬Łjz|±jz¶¬±À
Ã
Á|
Ä
{
ÂÙ[Ã
ú
ÑÚ
}^×

ÀÀª{
>ÕiÄUÑ
<;ÞÁz|{
Ä
}

jŁ

z|}a{À
Ã
Á|
Ã
{FzR¬Ł{
Ä
{
Ãd
}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{
Õ
}a{¿Ó¶Á}a
p
{apÀªjz
Ä
ú}a{ÓRÁ|{
ÃCÑ
jzÞjÎ|Ł{
pÐ
{~£
Ð
j

Û
æ
Á

{
× Ø#"Ùk§$4
ﬂ
¨zÚBÜë§¶ÍÙìW¨ﬁZíå¨! h¨
«
©»§
15
1991T
1990N
1994D
1992A
1991bg
fa
in
t
br
ig
ht
2 
m
ag
br
ig
ht
0.7 M
1.4 M
1.4 M
1.4 M
2.0 M
o
o
m  (B)
o
o
o
0.1 M
0.4 M
0.6 M
0.8 M
1.0 M
o
o
o
o
o
56Ni mass mass
total
0.94
1.07
1.31
1.95
1.47
ÛÜÞÝ6ß
D
àá7âãxÝzäiÝ{åzæ
Thj@^rTh\@^
q`_KoZc
Y[T±yzT
eeco3cz_
^
n¼`c
Y0VZj
qo
XD^k\
c
V
q
X3j
l
X
c
Y
l
X
cteçÞ.cza
T
v
T
}	cfn
Y
c
\ST]XZs
oZcuoZ|fn
j
q
^
ee
T
_DntcxoZc
Y[T
nNq
X3j
w&c.o3c
Y[XZy^itj
cI
Łéè
ê\@^ij
|go3cê
T]VDV
c
YiY[T]j
q
ë{ì
X3jST]\\
q]```{
ô|È ô
ä
Ù|ÓRÁ

z
ÄÜÃdÂÙ
ŁŁ{
Ä
{z}ﬀÓW{
Ã
À


Ä
Á¬Ł{

Á
æÂ
{Fz¶¬Ł{
Õ8Ã
{¿¬

Á
ÏÄ
{
Ä
}

jŁ

z|}a{
Ä
{
Ãd
}ajÁ

Îª{
Ä
{
Ã
Á
Â
®

{
{aŁ¬nÀ
Ã
Á|´û

Î
Ã
{È
è
{a}F

¬

z¶¬
Õ?Ã
{a´p
Â
Á
Ãd
¬pjz|nz¶Á
ÂF
ÓRÁ|{alz
ÑÒ[p

Ð
{Fz¶¬nÀ

´{Fz|}a

{¿ú

{FÀ


Ä
Á

{`À
Ł
}F
FÂ
{Fz¶¬
Ãd
{
Ãd
¬pjz
jÎ|^{
pÐj
¬pjzz|{
ÃÃ
{È
rîí4ï ðòñóô[õSñ÷öîñùø
wûúüý
ó þ
wý
þñùö%ñùß ô

øﬀñ
î:{apÁÀi{

z|
Ð¤ Ä
¬Ł{a
·a»f©3³ þ?½
] }
Ñ
{ap¬N÷AúY÷
Ä


{ŁÁ·Ù
[ÂÂ
{Fz¶¬
Ã
jz ÀªjÁ

¬

{
Ä|
z|
ÃCÑÚ
}ajÁ
Ã
{
Â
{FzR¬
Ä
{
¾`ÁÎÎ
Ã
{£²{Fz

z
æÃd

Õ
	b­PTP º½©`ä Õ
{F¬

z|Łªz|{À



¬

{

¢U{a}F¬

{alÀ
[
Áz}Ł×
[Â
À
Ä
{
Ð
¬Ł{aŁŁ{À
[
¬p}FÁ
Ã
®

{
Õ
ÂÙ
`z
>
z
Â
jz|À

n¬

jÀ
Ä
p¬

z¶¬Ł{a

Û|zÓRÁ|{
Ã
{FÁ
Ä
p¬

z|}a{
Ä
{
Ã
Á
Â
z|p¬

£'ÈÒÆ
7Zä
z|{
Ä
Àª{Fz
Ä
{À

n¬

jÀ
Ä
{a~{ ¢i{F¬Ł
Ä
{

{
Ãd
¬p
Ð
¬
ÜæW
z
F^[Ã
{£²Ó¶Á

zR¬peÛ

ÙÀ
[Ã
{aÙÀ
[^[Â
®F¬

{a }a
Â

Ã

æ
Ó¶Á|{a
±
{F¬
ä
] ^jz¶¬
Á¬p
Ã


{anÀijÁ
lÂ
{apÁ

{
nÃ
}ajz|p¬

zR¬Ł{
Ä
{¸¾`ÁÎÎ
Ã
{?È
k½¼3S ¿hS uÄÆ&ÅiﬀCÖk mg?ﬁC0Ã: ﬃﬂlgUÄ&ÆWﬁ
­ÁÅÀ

{
Â
{


ŁÄ?
{
ÕWÃ
{

{
Ä
p×eû»¬! #"p¬
Ä%$'&%&|
À
ﬃ(

* ),+.-
Õ
)/
¬
ﬃ&
¬
ÃÐ10
¬2 #"2"2 
(3jÄ40[Ã
 
Ä
 
ÃCÑ5$
Î467 F¬
$
Î
"2 
(pÐ
/
È
î8 #"
æ9[ÃYÏ10
 #":"
$'&
¬
ﬃ&%0Â
/
 #"
Ä
 
Ð10
¬2 #"2"2 #"
Ä40
¬2 #"
·¹|»`ª'
³	­ºr
U»Ł½
À
Ã
Á
"
$
Á
Â;$'0<&
"
0Â
À
$'(
¬
ﬃ&
¬2 #"="3 
Ã>$'&~Ã
 À
$
¬2 
&
¬
0
 
Ã
æ(3>Ð?0
¬

¬
0>$'&%&
 
Ã
À
(
/
"2 
&
¬
Ä
ﬃ&
"
Ã
 FÁ
(
 
&
¬
$
Á
(3[æ
 Èiè@ #"
Ð10
¬2 #"2"2 #"="
$'&
¬
Ä
 
ÃCÑ5$'(ŁÄ4(
 
Ä
 ÇÇ®Ó
ÂA
"BDC
$'(E(
 #"pÀ
$'&|Ä
ﬃ&
¬
úÙÁ
&Ä
/
C
[Ã[æ
 F"pÀ, #CF¬
(3[Ã3Ä
 ÅÇ?ÈÒÇÇÆ
ä
Èªî
Ñ
/
C
$
Á
Ã
 
Â
 
&
¬
Ä
 Å¾`ÁÎÎ
Ã
 
Õ
ÓRÁ
ﬃ&
¬¿ú
Ã
Á
0CÕ
 #"Ł¬

¬p¬2 
0<&
¬¿ÓRÁ
ﬃ&|ÄÃÐ10
¬2 #"2"2 
Ä
Á
 ú
ÃCÑ
 
Ï
À
ﬃ&
"
0>$'&ÞÄ
 
Ð?0
 
&
¬nÀ
(
/
Ä%$jÂG0<&Hﬃ&
¬2 
Õ
"
$'0
¬l¬AÔRÀ
0
ÓRÁ
 
Â
 
&
¬À
$
Á
(
)JI
îK.K.K
Ó
ÂA
"BL
I
K&9>K&:
ä
È
M
&
C
$jÂÂ
 
&
C# ¸ú¸À
$
Á
Ð.$'0<(ØÄ40
"2N
0<&æ
Á
 
(
 
&
N
(
 
Ã
 #"
Ä40PO
/
(
 
&
N2"
Â;$RÄ%QFÃ
 #"
(
 
Ã
N
0Ð10
"EN2 #"
ú¿À
ﬃ(
N
0<(
ÄUÑ
Á
& Ä
/
C
[Ã[æ
 
"ŁÀ, #CRN
(3[Ã\Ä
 !SUT?È
7V$
Á
(
Á
&
 
V%(
/
C
0
"
0>$'&Ä
 SUT?È
7±ÂW[æ
È
W
$'&
C
Õ
NSÔ
V%0
ÓRÁ
 
Â
 
&
N
ÕÃCÑ 0<&
N2 
(pÐ[ÃÃ
 
Ä
 
Ä
/
C
[Ã[æ
 X"
V
 #CRN
(3[Ã
Ó¶Á
0Y&
$
Á
"
0<&
N
/
(
 #"2"2 
V,$
Á
(ØÂ
 #"pÁ
(
 
(kÃ¿Ð?0
N2 #"3"2 
Ä
 
ÃCÑ
 
Ï4VHﬃ&
"
0>$'&
 #"2NZ 
&¶Ð10<(2$'&
J
K<9<K<:\[]K<9<^	K2_
`#%>a{cb$ﬁZ"g4ﬃb
*
bN ed
*
b
ﬂ
ﬁgfihù
*
bkjld4hgfúﬃ4mbnb.h
*
b edpo.q
ﬂ
ﬁ#hrd
ﬂ
hrbno.qﬁgjlq! iqYsYfet#"ub 
a
v
 #""Ew
V
 
(E&
$rxy
L"EN
ﬃ&
z
ﬃ(2z40
"
/
 #"O{"
$'&
N
V%|
C
/
 #"
z
ﬃ&
"
|
 
z40ﬃ}(3ﬃ~G~
 
z
 ;Zw%%
|
 B
x.$'0<(
Ê3
_
".¿ú
|
 Rw
(
~Wm40<~
w
~z
 
|
w
~G0>QR(
 
z
ﬃ&
"
|

ﬃ&
z
 @
$
w
_
v
 Rw
(~Wﬃ}&%0
NEw
z
 


"
$'|
w
 
z%$'0
NC# 
V
 
&
z
ﬃ&
N
#x.$'0<(
/
N
/
C
ﬃ|<0

(
/
 

w
VHﬃ(3#xﬃ&
N
_
ŁiŁi >%ﬁ8¡ ﬀ8¢' '£¡,¤ 
v¥5$
%N2 
&
N
0>$'&z
 
|k|
w
~G0<&
$
"
0
N
/

w
~Wm40<~
w
~¦(
 #§?w
0
 
(
N
|J~G0
"2  
&¨V%|
C# 
z
 N
$
w%N2 Ww
&
 
/
C2©
 
|<|
 
z%$'&
N
|
 #"
z40PO
/
(
 
&
Nª
ﬃ(E(
 

w

"
$'&
N
V%|
w
"
$
w
~;$'0<&
"ª
0
 
&k
6«w
"EN
/
"
_1¬
&
/
|
/
~
 
&
NZ #"3"2 
&
N
0
 
|
 #"2N
z%$'&%&
/
VHﬃ(=|
 #"= RN
$'0<|
 #"
xﬃ(E0

|
 #"­
/
V
©
/R®
z
 #"B
x.$'0<(
Ê2¯
_<°_<°
±§?w
0
"3 
(Ex
 
&
N
z
 
V%(
 
~G0
 
(
6
ﬃ|>$'&
_
vuW(
 
|
N
0>$'&£V
/
(E0>$1z
 ³²
|
w
~G0<&
$
"
0
N
/
BD´
v

§?w
0ﬁ|
 #"ZC
ﬃ(3
CRN
/
(E0
"2  #"EN
/
N
ﬃ|>$'&%&
/
 ú
VHﬃ(
N
0<(\z
 #"
x'ﬃ(E0

|
 #"\§9w
 
|¥5$'&
N
(2$
w
x
 
z
ﬃ&
"
|

$'0
 
v8
CRN
/
 
$
w
V%|
w%Nﬀ\'N
z
ﬃ&
"
|
 µ
(3ﬃ&
zJ¶
w
ﬃ}
 
z
 ·
ﬃ}
 
|<|ﬃ&
B
v
·{­=
_,¸
0ﬁ|
 "

N2 
|<|<0
N2 
0<V%VHﬃ(
C
$
"
¹~
 #"Ew
(
/
|¹VHﬃ(3ﬃ|<|m
 
z
 
V%|
w
"
z
 
°rº
T{­
/
V
©
/R®
z
 #"
}9ﬃ|
CRN
0
§?w
 #"r»C# 
|<|
 #"7²C
0
"
$
w
O,(
 
&
N
zﬁ¥
w
&
  

N
0<&
CRN
0>$'&¨0<~GV$'(
N
ﬃ&
N2 ¼§?w
0V
 Rw%N
V%(2$gx.$
§?w
 
(
w
&
 
0<&
C# 
(
N
0
NEw
z
 ¼"E½4"EN
/
~W
N
0
§9w
 "Ew
(|
 
V,$'0<&
N¾
/
(2$z
 
|¿(
 
|
N
0>$'&
´
v
_uÀ
&£(
 
xﬃ&
C2©
 
|
 
v
·p­ #"2N"Ew'6E RNú¿w
&
 
 

N
0<&
CRN
0>$'&l~;$'0<&
z4(
 » RNC
$'&
N
0
 
&
Nw
&
 
~
w
|
N
0
NEw
z
 
z
 ;­
/
V
©
/R®
z
 #"
_
v¥ 0<&
C# 
(
N
0
NEw
z
 »
z
ﬃ&
"!C# GC

"r»
(
 
V,$
"3 G"Ew
(
|z40
"EN
ﬃ&
C# 
z
w
v
·{­Á§?w
0
 #"EN
0<&
C# 
(
N
ﬃ0<&
 úW©

w%N2 Rw
(±z
 
º
ú
°
T.ÂÃB
x.$'0<(±|W(
 
x
w
 
z
 ¹Ä
ﬃ&9x10<(
B
°rÅÅÆ
\"Ew
(X|
 
"Ew'6E RNÇ
_
¬
&
 @È
$'0
"
|X(
 
|
N
0>$'&
´
v
/
N
ﬃ|>$'&%&
/
 »
0<|
 #"EN
ﬃ0
"
/
zﬁ¥
 
&;z
/
z
w
0<(
 
|Xz40
"EN
ﬃ&
C# 
z
 #"
}9ﬃ|m40
 #"
z
wWµ
(2$
w
V
 
v$
C
ﬃ|
z
ﬃ&
"
|
 #"2§?w
 
|
"
$'&J$

"2 
(Ex
 
z
 #"\­
/
V
©
/R®
z
 #"
_
b
|
"Ew4É;N
z
 
(
 
V
/
(
 
(
w
&
 
¸
¶
b
z
ﬃ&
"ZC# #"
~;R~
 #"
}9ﬃ|m10
 #"g»
z%$'&
C
ú
|W~;R~
 
z40
"EN
ﬃ&
C# »
V$
w
(
/
N
ﬃ|>$'&%&
 
(||
w
~G0<&
$
"
0
N
/
z
 FC# #"
z
 
(E&%0>QR(
 #"
_
=CRNEw
 
|<|
 
~
 
&
N!w
&
 
V
 RN
0
N2 
z40
¾
ﬃ0<&
 
z
 
¸
¶
 Eb
¿Ê&
$'(E~Wﬃ|
 #"±Ë¼"
$'&
N
/
N
ﬃ|>$'&%&
/
 #"
z
 !C# RNEN2 
~Wﬃ&%0>QR(
 WB
¸

©

 RN
ﬃ|
_
Ì
TT
°

_
b
|
È

w%NC# 
V
 
&
z
ﬃ&
N
&
$
N2 
(
§?w
 
|
 #"­
/
V
©
/R®
z
 #"
|
 #"
V%|
w
"
(E0<|<|ﬃ&
N2 #"@"
$'&
N
z
 #"
/
N
$'0<|
 #"67 Rw
&
 #"g»
z
 
V,$'V
w
|
N
0>$'&
b³»
§9w
0
"2 N
(2$
w
x
 
&
N
z
ﬃ&
"
|
 #"
}9ﬃ|m40
 #"Z"
V%0<(3ﬃ|
 #"
_
b
|(
 #"EN2 ú
z
/
~;$'&
N
(
 
(
§9w
 C# #"Z"Ew
V
 
(E&
$rxy
/
N
ﬃ|>$'&%&
/
 #"±"
$'&
N
0>z
 
&
N
0
§?w
 #"

w

"Ew
V
 
(E&
$rxyÍ|>$'0<&
N
ﬃ0<&
 #"Z§?w
 
|¥5$'&
NªN
(2$
w
x
 
/
}9ﬃ|
 
~
 
&
N
z
ﬃ&
"
|
 #"
}9ﬃ|m40
 #"Z 
|<|<0<V
N
0
§?w
 #"
_
ŁiŁiÎ ZÏ 'Y¢ﬃ¢ﬃ]2>
¤Ðﬂﬁ¢' 8
À
&
N
(3'Ñrﬃ&
N
|W~Wﬃ}&%0
NEw
z
 FC
$'(E(E0<}
/
  
&
È
$'&
CRN
0>$'&{z
w
(
 
z
"E©
0
ÈeNr»Y RNX 
&{
6«w
"2N
ﬃ&
N
#x
 #C
|;(
 
|
N
0>$'&
BD
_ÒÌÆ

 
&¨
½
ﬃ&
N
V%(
/
ﬃ|

|
 
~
 
&
N¹Ó

/
|
 
~;$1z%QR|
 ;C
$
"
~;$'|>$'}0
§?w
 »
$'&
 
&¨z
/
z
w
0
N
|
C
$'&
"2N
ﬃ&
N2 
z
 Zw%%
|
 

_
W± 
&
$'~

(
 Rw
J
w%N2 Rw
(
": 
&z%$'&%&
 
&
N=w
&
 \ #"EN
0<~W
N
0>$'&
»
~Wﬃ0
"@N
$
w
""2 Z

"2 
&
Nlú
V
 Rw
V%(2Q
"@"2w
(|
 #"
~;R~
 #"
z%$'&%&
/
 #"
B
¸
¶
 2b
@V%(2$
C2©
 #" RN­
/
V
©
/R®
z
 #"Ç³»m"2 Rw
|
 #"
|
 #"
~
/
NE©
$?z
 #"
z40POQR(
 
&
N
_gÔ
 
&
 
x'ﬃ0
"
VH
"
z%$'&%&
 
(
w
&
 
|<0
"2N2  

©

w
"2N
0<x
 
z
 #"
xﬃ|
 Rw
(
"
V
w%
|<0
/
 #"r»
~Wﬃ0
"
V%|
w%Nﬀ\'N
~¿¥Ò
NEN
ﬃ(2z
 
(
"2w
(
C# 
|<|
 #"
$
%N2 
&
w
 #"
VHﬃ(ª|
 
	Õ PTPRÖ<×ØF×³ÙGÚ»7Ûk#×EÜrÝ
_
­@ 
V%(2$
67 RNr»1§?w
0z
/
%w%N
/

w
z
/
%w%N
z
 #"
ﬃ&%&
/
 #"
°rÅÅ
T
#x
 #C
|
 
|ﬃ&
C# 
~
 
&
N
z
wN
/
|
 #"2C
$'V
 ±"
VH
N
0ﬃ|
\w%%
|
 »
#xﬃ0
N
V$
w
(=ﬃ~

0
N
0>$'&z
 
z
/
C
$
w
x1(E0<(ªz
 #"\­
/
V
©
/R®
z
 #"

Ó
&¿z
 
z
/
N2 
(E~G0<&
 
(ª|
 #"
z40
"EN
ﬃ&
C# #"
zﬁ¥
w
&
/
C3©
ﬃ&
N
0<|<|>$'&nz
 
}9ﬃ|m40
 #"
V%(2$
C2©
 #"=BÞàß
K
·
V
Cg RN
zﬁ¥
/
N


|<0<(
w
&
 
/
C2©
 
|<|
 
z
 #"
z40
"EN
ﬃ&
C# #"
|>$
C
ﬃ|
 #"
V%(
/
C
0
"2 
_
v
 #"
(
/
"Ew
|
N

N2"uÓ
&H
w

»
C
$'&
C# 
(E&Hﬃ&
N
|~
 #"Ew
(
 
z
 
|
C
$'&
"EN
ﬃ&
N2 
z
 X\w%%
|
 
VHﬃ(@|¥ 0<&
N2 
(E~
/
z40ﬃ0<(
 
z
 
z40PO
/
(
 
&
N2 #"
~
/
NE©
$1z
 #"±B
|
 #"
¸
¶
 
á7
»
|(
 
|
N
0>$'&lz
 ¹Äw
|<|
½?²â
0
"2©
 
(
»
|
 
V%|ﬃ&
È
$'&
z
ﬃ~
 
&
N
ﬃ|V$
w
(±|
 #"
}9ﬃ|m40
 #" 
|<|<0<V
N
0
§?w
 #"r»
|
 #"Zã
w
CRNEw

N
0>$'&
"
z
 

(E0<|<|ﬃ&
C# 
z
 "2w
(
È

C# ¹ RN
|
 #"
¸
¶
 
á2á
="
$'&
N
V
w%
|<0
/
"
VHﬃ(
â
(
 # 
z4~Wﬃ&
 RN
ﬃ|
_
B
Ì
TT
°

_
v
 
(
/
"Ew
|
N

N
$
%N2 
&
w
#x
 #C
äå
"Ew
V
 
(E&
$rxyÍz
 Nﬀ½
V
 
á«
 #"2Næ
!çXèêé
^Zë
ß
ëìGí
~ïî
"Eðﬁñ
î
·
V
C
ðñ
_
òóﬀô ðòñóHõîõñ ö%ñ ø2ö öîñ
ý
óH÷hþ,ø öîñúùûöþ,÷2üõñ ñþËöîñ ø3ö
úIüQý
óþYö
ý
þñ
úü
óYù
ü
ø
üªý
÷2þ±õ%ñ
À
&
w%N
0<|<0
"
ﬃ&
N
z
 #"Z"2w
V
 
(E&
$gx'yúV%|
w
"
|>$'0<&
N
ﬃ0<&
 #"FBLß
K 
ß9
0<|z
 
x?0
 
&
N
V$
"2"
0

|
 
z
 
~
 #"Ew
(
 
(Z|
 
VHﬃ(3ﬃ~;Q
N
(
 
zﬁ¥Ò
C#C
/
|
/
(3
N
0>$'&


»
$
w
V%|
w
"¼ 
%
CRN2 
~
 
&
N¿w
&
 {C
$'~

0<&Hﬃ0
"
$'&ú|<0<&
/
ﬃ0<(
 p 
&
N
(
 
|¨z
 
&
"
0
N
/
z
 
~W
N
0>QR(
 p
 RN
|z
 
&
"
0
N
/
z
 GC
$'&
"EN
ﬃ&
N2 ;C
$
"
~;$'|>$'}0
§?w
 ;
_
µ
$1$

ﬃ(
	
´u 
(E|<~
w%NEN2 
(
B
°rÅÅº

~;$'&
N
(
 
&
N¹§9w
 
|¥5$'&pV
 Rw%N
z
/
N2 
(E~G0<&
 
(
 RN

z
 
~Wﬃ&%0>QR(
 
0<&
z
/
V
 
&
z
ﬃ&
N2 ª"
04|¥
/
C2©
ﬃ&
N
0<|<|>$'&z
 
¸
¶
 : #"ENC
$'&
"
/
§?w
 
&
Nr»9 RN
|¥ 0<&
N2 
(Ex'ﬃ|<|
 
z
 
z
/
C
ﬃ|ﬃ}
 !"
V
 #CRN
(3ﬃ|
"2w4ÉW"
ﬃ~G~
 
&
N
}(3ﬃ&
z
_
v
 
V%(E0<&
C
0<V
 =C
$'&
"
0
"EN2 lú
V%|
C# 
(|
 #"Ð"Ew
V
 
(E&
$gx'y*z
ﬃ&
"Ðw
&Gz40ﬃ}(3ﬃ~G~
 
z
 :\w%%
|
 
_

0
 
&
§?w
 
z
 
&
$'~

(
 Rw

(
/
"Ew
|
N

N2"±C
$'&
C# 
(E&Hﬃ&
N
|~
 #"Ew
(
 
z
 #"
VHﬃ(3ﬃ~;Q
N
(
 #"C
$
"
~;$'|>$'}0
§?w
 #"±

"
/
"±"Ew
(\zﬁ¥Ò
w%N
(
 #"
Ê
"
$'&
z
 #"!Ë¿C
$
"
~;$
²

` ØÙb8qzÚ b9hWo.qgjlqiqYsYfeb
|>$'}0
§?w
 #"GB
|
 !È
$'&
znz
 
(3
½
$'&%&
 
~
 
&
N
~G0
C
(2$
²
$'&
z
  ­@· B
Ô
mO
 F RN
ﬃ|
_,Ì
TT
°ﬀ
z
 : 
(E&Hﬃ(2z40
"± RN
ﬃ|
_Ì
TT
Ì

$
w
|
 #"
ﬃ~W
"
z
 
}9ﬃ|m40
 #"BD´ 

C
$
C
í
 RN
ﬃ|
_HÌ
TT
°ﬁ%À
ÈD"2N

NE©
0>$
w RN
ﬃ|
_
Ì
TT
Ì

_<_<_
ª"
$'&
N
z
/
"
$'(E~Wﬃ0
"
z40
"
V$'&%0

|
 #"r»
|
 
z40ﬃ}(3ﬃ~G~
 
z
 Zw%%
|
 
z
 #"
¸
¶
 
á7
È
$
w
(E&%0
N 
&£V%(E0<&
C
0<V
 
|
"2 Rw
|
 
~
 #"Ew
(
 
0<&
z
/
V
 
&
z
ﬃ~G~
 
&
N
z
 GN
$
w%N
~;$1z%QR|
 
_
ŁiÎÐŁﬃﬂ {H¢'',.¢
 
|¥
©
 Rw
(
 

CRNEw
 
|<|
 
z
 Rw
W}(2$
w
V
 #"
$'&
N
$
%N2 
&
w
z
 #"
(
/
"Ew
|
N

N2":"Ew
(@|~
 #"2w
(
 
z
 ±C# #"
VHﬃ(3ﬃ~;Q
N
(
 #"=C
$
"
~;$
²
|>$'}0
§?w
 #"¸ú
|¥Òﬃ0>z
 
z
 "Ew
V
 
(E&
$gx'yÁ|>$'0<&
N
ﬃ0<&
 #"
_
á|
"
¥Òﬃ}0
N
z
w"!
Õ$#%×»&%YÛ')("*Û,+.-;Û'Ö<Û0/'ÙWÚ»EÛ21r×EÜ#Ý
B
x.$'0<(
3&4
_
ä
_<°
\ RN
z
w
	657/,89;:
!
Õ$#%×»&%YÛ')(
!
×<(|»EÜ&8>=Y×0(-
B
x.$'0<(?3&4
_
ä
_ÒÌ

_
v
 #"
z
 Rw
}(2$
w
V
 #"
$
%N
0
 
&%&
 
&
N¿N
$
w
"
z
 Rw
¡|
 
~;R~
 
(
/
"Ew
|
N

Nr»nú"
rx.$'0<(
w
&
¬
&%0<x
 
(
"J 
&
 
4VHﬃ&
"
0>$'&

C#C
/
|
/
(
/
 
#x
 #Cw
&
 C
$'&
"EN
ﬃ&
N2 C
$
"
~;$'|>$'}0
§9w
 
V,$
"
0
N
0<x
 BA@
0
 #"2"= RN
ﬃ|
_ﬁ°rÅÅÆB
´u 
(E|<~
w%NEN2 
(
 RN
ﬃ|
_8°rÅÅÅ

_
v
 
¸
­@´]w%N
0<|<0
"2 X¯
Ì¹¸
¶
 
z%$'&
N
|
 #"
z
/
C
ﬃ|ﬃ}
 #"="
V
 #CRN
(3
w

"
¥
/
C3©
 
|>$'&%&
 
&
NZ 
&
N
(
 T
_<°
4
 RNªT
_ÒÆ
ä
»4 RN@È
$
w
(E&%0
N
|
 
(
/
"2w
|
N

N¹æ
KC 7D
 
[K <ì
\è
[!K 
ß
ëKC <^
$
wn 
&
C
$'(
  E è
K 
ß
DF
)G <H
F
)G <I
ð
)G <J
ð
)G <K
"
0
çè
^
BiÓ
}
w
(
 #"\¯
_Òº
 RN
¯
_
4

_
v
 
(
/
"Ew
|
N

N
z
wp6L,Äà #"EN±

"
/
"2w
(
°
å
¸
¶
 
(
/
VHﬃ(
N
0
 #"! 
&
N
(
 ;è
KC <^.ì
 RN!è
KC 7M
é4»ﬁ RN
z%$'&%&
 ;NEXè
KC 
ßPO
ëK <^
"
0
ÐçXè
^
BiÓ
}
w
(
 #"ª¯
_
å
 RN=¯
_ÒÆ

_
v
 #"
z
 Rw
nﬃ&Hﬃ|
½4"2 #"±"
$'&
N
0<&
z
/
V
 
&
z
ﬃ&
N2 #"r»
~;R~
 F"
0
 
|<|
 #"C
$'~GV%(
 
&%&
 
&
N!§?w
 
|
§9w
 #"
z%$'&%&
/
 #";B
z
 Rw

¸
¶
 
z40
"2N
ﬃ&
N2 #"Z RN
°rÆ;¸
¶
 
V%(2$
C3©
 #"Q C# 
|<|
 #"
z
w
(
 
|
 
x
/
­
ﬃ|SRﬃ&
²Ä
$'|>$'|>$
ª 
&
C
$'~G~
w
&
_
v8¹~
/
NE©
$1z
 
z
 C
ﬃ|
CRw
|z
 #"
C
$'(E(
 #CRN
0>$'&
"
T  #"EN
/
}9ﬃ|
 
~
 
&
N
0>z
 
&
N
0
§?w
 
_

0
 
&
§?w
 
|¥
/
C3©
ﬃ&
N
0<|<|>$'&¨z
w
¸
­@´ê"
$'0
N±"EN

N
0
"EN
0
§?w
 
~
 
&
N
V%|
w
"
0<~
²
V$'(
N
ﬃ&
Nr»
|
 #"
ﬃ(E(
 #"
zﬁ¥
 
(E(
 Rw
(
"½F"
$'&
N
V%|
w
"
0<~GV,$'(
N
ﬃ&
N2 #"r»9C# ª§?w
0
C
$'&
z
w
0
N
ú
V
 Rw
V%(2Q
"Øú
|~;R~
 
0<&
C# 
(
N
0
NEw
z
 
Ó
&Hﬃ|
 
_
ŁiÎÐŁi UmWV4YX. L.H¢J¢)Z¢m'Y,. ﬃ[ÐH¢
\
ÚYqAhgfeq
v¥
 
O
 RN

w
§?w
 
|$'&{V
 
&
"2 F"
V$'&
N
ﬃ&
/
~
 
&
N #"EN
|¥
/
x.$'|
w%N
0>$'&pV$
"2"
0

|
 
z
 #""Ew
V
 
(E&
$gx'yàz
 ¹Nﬀ½
V
 
á7¼#x
 #C
|
 
N2 
~GV
"C
$
"
~G0
§?w
 læ
0<|
"Ew4É
(3ﬃ0
N§9w
 
|
 #"
¸
¶
 
|>$'0<&
N
ﬃ0<&
 #""
$'0
 
&
N
Ìº
Â
0<&
N
(E0<&
"
Q
§?w
 
~
 
&
N
~;$'0<&
";
(E0<|<|ﬃ&
N2 #"
§?w
 
|
 #"
V%(2$
C2©
 #"
V,$
w
(
§?w
 
|
C
$'&
"EN
ﬃ&
N2 kC
$
"
~;$'|>$'}0
§9w
 k"
¥
/
x'ﬃV$'(
 
_]
x.$'|
w%N
0>$'&
§9w
0=V$
w
(E(3ﬃ0
N

N
(
 
z
w
 ú
z
 #"
z40PO
/
(
 
&
C# #"
z
 
~
/
N
ﬃ|<|<0
C
0
N
/
»
z
 
~W
"3"2 
z
w
V%(2$'}
/
&%0
N2 Rw
(
»
$
w
z
 F§9w
 
|
§?w
 

w%N
(
 È

CRN2 Rw
(
» RN± 
&%}
 
&
z4(3ﬃ&
N
w
&
 
|
w
~G0<&
$
"
0
N
/

w
~Wm10<~
w
~ z
 \C# #"
$
46E RN2"
z40PO
/
(
 
&
N2  
&
N
(
 XC# Rw
$

"2 
(Ex
/
"
z
ﬃ&
"
|¥
¬
&%0<x
 
(
"
|>$
C
ﬃ|
 RN:C# Rw

$

"3 
(Ex
/
"
z
ﬃ&
"
|¥
¬
&%0<x
 
(
"
|>$'0<&
N
ﬃ0<&
_
á|
 #"EN
z40
ÉWC
0<|
 
z
 
~
 #"2w
(
 
(z40<(
 #CRN2 
~
 
&
N
|X|
w
~G0<&
$
"
0
N
/

w
~Wm10<~
w
~ z
 #"
¸
¶
 
á7|>$'0<&
N
ﬃ0<&
 #"r»1C# \§?w
0
V
 
(E~
 RNEN
(3ﬃ0
N
z
 ZN2 #"EN2 
(
"
ﬃ&
"
ﬃ~

0<}
w
®
N
/
|!x'ﬃ|<0>z40
N
/
z
 
|¥
©?½
V$
NE©
Q
"2 X"
$
w
"7²<6

C# 
&
N2 
_
­@ 
V
 
&
z
ﬃ&
Nr»
$'&V
 Rw%N
x
/
(E0
ÓH 
(¹|
C
$'&
"2N
ﬃ&
C# 
zﬁ¥Ò
w%N
(
 #"
$

"2 
(Ex

|
 #"F 
&
N
(
 
|¥
¬
&%0<x
 
(
"
|>$'0<&
N
ﬃ0<&
 RN
|¥
¬
&%0<x
 
(
"
|>$
C
ﬃ|

"
0
 
|<|
 #"
z40POQR(
 
&
Nr»
0<|
 #"EN±È
$'(
N
V%(2$



|
 ;§?w
 
||
w
~G0<&
$
"
0
N
/

w
~Wm10<~
w
~
"
$'0
N
/
}9ﬃ|
 
~
 
&
N
mO
 #CRN
/
 
_

0<&
"
0

$
 ³ã
0
C2©n RN
ﬃ|
_
B
°rÅÅÆ

~;$'&
N
(
 
&
N§9w
 !"
08|G~
/
N
ﬃ|<|<0
C
0
N
/
xﬃ(E0
 
zﬁ¥
w
&
È

CRN2 Rw
(
S
ä
$
wk
0
 
&|
 
(3ﬃV%V$'(
N
­
A
M
z
 
ää
Â»
|¹|
w
~G0<&
$
"
0
N
/

w
~Wm10<~
w
~ V
 Rw%NZ"
¥
 
&
N
(2$
w
x
 
(\mO
 #CRN
/
 
z
 SUT
_
ä
~Wﬃ}_^
v8
Ó
}
w
(
 ¯
_ÒÅ
0<|<|
w
"EN
(
 
|
 È
ﬃ0
NX§?w
¥Ò
w
CRw
&
 
z40PO
/
(
 
&
C# 
&¥
 #"EN

CRNEw
 
|<|
 
~
 
&
N!C
|ﬃ0<(
 
~
 
&
N
$

"2 
(Ex
/
 ¹ 
&
N
(
 
|
 
"
V
 #CRN
(
 
z
 #"
¸
¶
 
á7¹|>$'0<&
N
ﬃ0<&
 #"X RNZC# 
|
w
0z
 #"
¸
¶
 
á7¹V%(2$
C3©
 #"
_
¬
&£
w%N
(
 WN2 #"EN #"EN
z
 
z
/
N2 
(E~G0<&
 
(|
 ;N2 
~GV
"
z
 
~;$'&
N
/
 nB
z
 
V
w
0
"
|¥
 
1V%|>$
"
0>$'&
67w
"2§9w
¥Ò
w
~Wm10<~
w
~Ãz
 
|
w
~G0>QR(
 g
V$
w
(:|
 #"
z
 Rw
WV,$'V
w
|
N
0>$'&
"
_%¬
&
 
z40PO
/
(
 
&
C# 
V$
w
(E(3ﬃ0
N
0<&
z40
§9w
 
(
§?w
 
||
w
~G0<&
$
"
0
N
/

w
~Wm10<~
w
~
 #"2N
/
}9ﬃ|
 
~
 
&
N
z40PO
/
(
 
&
N2 
_
=CRNEw
 
|<|
 
~
 
&
N
(E0
 
&kz
 "
0<}&%0
ÓHC

N
0
È
&¥
 #"EN
$

"2 
(Ex
/
BD
|>z
 
(E0<&%}
 RN
ﬃ|
_HÌ
TTT.
_
¸
 Rw
|
 #"
|
 #"
$

"2 
(Ex'
N
0>$'&
"ú
x
 
&%0<(Zzﬁ¥
/
C3©
ﬃ&
N
0<|<|>$'&
"
0<~GV$'(
N
ﬃ&
N
z
 !"Ew
V
 
(E&
$rxyêV%(2$
C2©
 #"X RN
|>$'0<&
N
ﬃ0<&
 #"\
0
 
&
~
 #"2w
(
/
 #"
V
 
(E~
 RNEN
(2$'&
N
z
 
|
 
x
 
(ª|
 
x.$'0<|
 !"Ew
(
C# RN

"
V
 #CRN
_
``>abacb)cﬃbedbfedbdbghgfihjiedbkjld4hgflkgmbnb.hmdbeedpo.qc#hrdY,hrbno.qgjlqiqYsYfetub n
Calan/Tololo
(Hamuy et al,
A.J. 1996)
Supernova
Cosmology
Project
ef
fe
ct
iv
e 
m
B
m
ag
 re
sid
ua
l
st
an
da
rd
 d
ev
ia
tio
n
(0.5,0.5) (0, 0)
( 1,    0 ) (1, 0)
(1.5,−0.5) (2, 0)
#
(W
M,
W
L
) = ( 0,   1 )
Fl
at
(0.28,   0.72)
(0.75,   0.25 )(1,        0)
(0.5,     0.5 )(0,        0)
(0,        1 )
(W
M ,
W
L
) =
L 
=
 
0
redshift   z
14
16
18
20
22
24
−1.5
−1.0
−0.5
0.0
0.5
1.0
1.5
0.0 0.2 0.4 0.6 0.8 1.0
−6
−4
−2
0
2
4
6
oqpArtsvugwyxzv{q|~}.ﬃ}.c)hN,),Łc)2,;).ﬀ$?,0).

.;. Ł;¡.¢W£Al¤0¥¦7§)¨v}©&$;q$ª,}..¬«;hŁ2;­2|~$,,}ﬃ})®
.«h¯Q)±°h,|ŁP;²j|~)´³¶µ·;~W)««;«h}.7§v¸2¹&¹&¹&º§
oqpArts·uvwy»zg{q|~}..ﬃ}N$Nh,,)Łq),;)¼0&
)ﬀ½N¾~¡0¿$À¶ÁÂ))ﬃm;¥ﬃ¿eÃC.Ä³7Åc|Ł2´«ª}7§
¸<¹.¹&Æ&º§N¨g}©&$;$Ç}.È¼&¬«;
¼&¬«;É~?)|ËÊÌ®
ÊÍ­;2,Î22¬«;±Ł2_)¼.,)­22´«´~±¼j)Ï2ŁE³SÐÑNÒ
Ó
ÔCÕŁÖP×
ÐØÒÙÓ
ÔCÕ Ô
º§¨YÚ ­Î<}«t¼

62¬«;WŁ2N)2$Û62A«
)qÜ$§ Ý&ÞQ_})§
ßÈà
b.hjmdbf$igeb9ohgfeqâátãÐfid
flädbfacdYDjltfårh
vcæäç0è
C2©
èPç
C2©
èzè?é
w
VèPç<êYërxy
/
N
æ,ê
N
|<0<~G0
N
/
è?èPêk~ﬁæﬃ}ê%0
NEw
zè
»
ëêfæ
N
èPê
zYæ,ê
C
è
ú
é
/
|¶è
CRN
0¶ëêêYèPç\|Sæ¹Vnæ,ç
N
0¶è±|Sæ
V%|
w
é

çE0<|<|Sæ,ê
N
èZzè=|Sæ!z40¶é
N
çE0
%w%N
0¶ëêzè¬éWé
w
VèPç<êYëgx'y
§9w
0Yéëê
NØú
|Sæ|<0<~G0
N
èZzèªz
/
N
è
CRN
0¶ëê
Be
0Sæﬃ0¶ézè
·
æﬃ|<~
§9w
0¶é
NÇ
_
­
è

0Sæﬃ0¶éEæmOè
CRN
è
N
ë
w%N
æ
w%N
æ,ê
N
|¶è¬éé
w
VèPç<êYërxyà|¶ë'07ê
N
æﬃ07êYè¬éEè
N
|¶è¬é
é
w
VèPç<êYëgx'yàVç0ë
C2©
è¬é
_¸
¥ 0<|
/
N
æﬃ0
N
0>zèPê
N
0
§9w
è
Vë
w
ç=|¶è¬éZzè
w
¼Vë'V
w
|Sæ
N
0¶ëêYé
»
é0ëêfè³O²è
N
ér¥Łæ,êê
w
|¶èPçæﬃ0
N
zYæ,êYéª|¥Łæ
67w
é
N
èR~mèPê
N
zè¬éZVnæ,çæﬃ~;Q
N
ç0è¬é
C
ëéE~më'|¶ë'}0
§?w
è¬é
_
À
ê
È
æﬃ0
Nr»
|¶è¬éé
w
VèPç<êYëgx'yVç0ë
C2©
è¬é
w%N
0<|<0¶é
/
è¬é´é0ëê
N:C
èR|<|¶è¬é=z
w
ç0èR|¶èRx
/
­
æﬃ|SR,ê
²Ä
ë'|¶ë'|¶ë
»
è
N
ëê
N
/
N
/
z
/
C
ë
w
xCèPç
N
è¬é
ú
|¥Ëì±0<|qé
w
çXzè¬éXV%|Sæ
§?w
è¬é\V
©
ë
N
ëé
_,¬
êYè
N
èR|<|¶èEé
N
çæ
N
/
}0¶èêYèVèPçE~mè
N
Vnæé±zè
C
ëê
N
ç0í'|¶èPçÉè
ÉWC
æ
C
èR~mèPê
N
|¶è¬é

0Sæﬃ0¶é
zè_é
/
|¶è
CRN
0¶ëê
_
¶
/
æ,ê%~më'07êYé
»
|Sæz40¶é
N
çE0
%w%N
0¶ëê¼z
w
+³ÝAî2×RÝÜ&8_ï¬(.Ü#ÝÛîXVë
w
ç
C
è¬éé
w
VèPç<êYëgx'yVç0ë
C3©
è¬éÙè¬é
NC
ë'~GVnæ
N
0

|¶è
æ#xCè
CC
èR|<|¶èÉë
%N
èPê
w
èVë
w
çª|¶è¬éª|¶ë'07ê
N
æﬃ07êYè¬é
BD´
èPçE|<~
w%NEN
èPç±è
N
æﬃ|
_ﬁ°rÅÅÅ

_
vcæﬀé0è
w
|¶è¹z40PO
/
ç0èPê
C
èEèPê
N
ç0è¹|¶è¬éXzè
w
Vë'V
w
|Sæ
N
0¶ëêYé6ç
/
éE0>zè¹zYæ,êYéX|¶è
È
æﬃ0
N±§9w
è|¶è¬é±é
w
VèPç<êYëgx'yÁVç0ë
C2©
è¬é?ëê
N
/
N
/
z
/
C
ë
w
xCèPç
N
è¬é_æ
w%N
ë
w
ç=zè\|¶è
w
ç:~ﬁæm40<~
w
~
»4N
æ,ê
z40¶é
§?w
èZ|¶è¬é@|¶ë'07ê
N
æﬃ07êYè¬éª|¥Ëëê
N
/
N
/
æ#xæ,ê
N
|¶è\~ﬁæm10<~
w
~
_
­
èR|Sæ
èPê%}CèPê
z·ç0è
w
êYèªVë'V
w
|Sæ
N
0¶ëê|¶ë'07ê
N
æﬃ07êYè±èPê~më
½
èPêêYèX~më'07êYé

çE0<|<|Sæ,ê
N
è
§9w
èZ|SæVë'V
w
|Sæ
N
0¶ëêVç0ë
C2©
èXzè
T
_
T
ä
~ﬁæﬃ}
BD´
èPçE|<~
w%NEN
èPç6è
N
æﬃ|
_ﬁ°rÅÅÅ

_
ßÈà
b.hmdbeebg,hgfAAebksmdð8fhrd4hgfeqhubgAeb
v¥Łæﬃ~GV%|<0
ÓHC
æ
N
0¶ëê
B
ë
w
|Sænz
/
éæﬃ~GV%|<0
ÓHC
æ
N
0¶ëê

zè|Sæ|
w
~G0>QPç0èVnæ,çF|¶è¬éäé
N
ç
w
CRNEw
ç0è¬é
ú
}çæ,ê
zè
/
C2©
èR|<|¶è¼Vè
w%N
æﬃ|
N
/
ç0èPç|¶è¬é8~ﬁæﬃ}ê%0
NEw
zè¬ézè¬éNé
w
VèPç<êYërxy
ú
}çæ,ê
zz
/
C
æﬃ|Sæﬃ}Cè´éEVè
CRN
çæﬃ|gë

é0èPçEx
/
è¬é
BAT
æ,ê
N
ëjñ_é
í
0è
N
æﬃ|
_?°rÅÅº

_
vè¬é
è³O²è
N
éZzè!|¶èPê
N
0<|<|¶è}çærx?0
N
æ
N
0¶ëêêYèR|<|¶èäèPêfç
/
}0<~mè
È
æﬃ0

|¶è
Bò
×<(óWÖ<×P%+.5l%g/

ëê
N
/
N
/
§?w
æ,ê
N
0
Ó
/
éXVnæ,çÈôõæﬃ~

éE}æ,êYé0é
nö ÷cøb8qvðù b9hWo.qgjlqiqYsYfeb
W
M
No Big Bang
1 20 3
expands forever
W
L
Flat#
L  = 0#
Universe−1
0
1
2
3
closed
open
90%
68%
99%
95%
recollapses eventua
lly
flat
42 Supernovae
oqplrtsNuvwÌúez·Åc­2,Ë«ﬃ}0«´$ª~}É2);_$6ÐÑû«_Ð
Ø
,}Q~
)0).

.;. Ł;¡.¢t£å¤0¥¦Y}<P2Î²ü¬ÝN);,¼0.m)«


ýl}$þ,,},²Łt,~}.E³SÐØþÐ
Ñ
ºt³¶µ·;~W)««;«h}.7§v¸2¹&¹&¹&º§
oqpArtsquvwyßÂzgÅh­2)Ë«ﬃ}«$_y}?2$;ª)ÈÐÑ «Ð
Ø
}WŁ
½q¾Ł¡0¿$ÀSÁ ,0)ﬃ.?C.A¥ﬃ¿ Ã; ³7Åh|Ł2N«}.7§Y¸<¹.¹&Æ&º}<PÎ
¸<¹ª,;)¼.Â$Ù«

Wýl}$þg,},NŁW,~}.ﬁ³SÐØ·þgÐ
Ñ
ºW³7Åc|Ł2
«h}.7§¸<¹&¹.ÆPº§
è

æﬃ|
_

°rÅÅ
4
ªæ.w
êYè
¸
¶êáæ
è¬é

èPêW~më
½
èPêêYè±z¬éæﬃ~%|
Ó
¬è\zè
	
_Òº
Âè
 
»
è

zè
°
Â!è
^4_
­
è

è²è

éèR~

|¶è±zëê±êR}|<}Cèjæ

|¶è
»4
¶èPê
§?w
èZ|¥

w
zè

¬è±zèPê
zè\z
w
~më1zﬀR|¶è\zèXzﬁ¶é

çﬂ
%w

¶ëê¿zè\~ﬁæ

ﬃﬀPç0è

©
ë¶éﬂ
_
ß! 
hgfA8o.hgfiq
´
ë
w
ç±|¶è¬é±zè
w
Âæ,ênæﬃ|
½
é0è¬éX|¥Łæ

é0ëçﬂ

¶ëê{}æﬃ|Sæ


§9w
èè¬é

z

èPçE~7ê¬èäèPê
w

<|¶éæ,ê

|¶è¬éjæ,ç

è¬é±zè
¸

©
|¶èR}CèR|
è

æﬃ|
_

°rÅÅÆ

_
v¥Łæ

é0ëçﬂ

¶ëê"7ê

èPçE}æﬃ|Sæ


§?w
èÈë
w
zYæ,êYé|Sæ±}æﬃ|Sæm#¶è
©
í

è_è¬é

§?w
æ,ê


Ó
¬è$næ,ç
´
èPçE|<~
w
ﬂ
èPçè

æﬃ|
_

°rÅÅÅ

èPê
~mè¬é
w
çæ,ê

|Sæªzﬁ%&Pç0èPê¬è:zè'¬ë
w
|¶è
w
ç)(!*)+-,
[/.
*)+-,'ë0ç21¥3
©
æ,ê

11¶ëê41¶ë7ê

æ57êäè

1¶è'ç0ë#
©
è768cæ!¬ë9næ,çæ5¶é0ëê
èPê

ç0è:1¶è¬é;è04
»
ë0ç0êYè<9/=9mè?>æ51¶è0ç/;ﬁ0â+³ÝAî2×RÝÜ&8 ïP(.ÜrÝÛî
»
;ëêêYè<0êYè?9mè¬éﬂ0ç0è?;è?1¥Ëè³3ﬀ¬é/;è?¬ë01¶è0ç
@Aﬂ(CB
.ED

Ä
çﬂ
°rÅÅÆ

6F8cè¬éÉéﬂ0èPç<êYëG>7H

ç0ë ç0ë0I7¶è¬éÉé0ëê

197ê¬è¬éJ;èK1¥ŁæMLN0Yé

è9mèPê

Ó
ênæ51O6QP!0næ,ê


@
¶è¬é0é±è

æ51O6

°rÅÅÆ
³»
1¶é
7ê10YèPê

1Sæ"¬ëç<ç0è3

¶ëêRë0ç
1¥Ëè³

7ê

¶ëê
»,§
0Yè11¶è
§
0YèEé0ë

éëêÂëçﬂI77êYè
»
æ3>Cè31¶è0ç
9/

©
ë#;è
·
8
­
¸
;ﬁ¥ŁæMLN0Yé

è9mèPê

;è¬é$¬ë0çﬂSè¬éT;è109ﬃﬀPç0è76
­
è3U

æ,ê

»,Ä
ë

æ,ê	
T
ëSnæ
½
æé
©


°rÅÅÅ

9mè
ﬂ
èPê

èPêÂæG>æ,ê

§
0Yè1¥ 7ê¬èPç



0;èK;ﬁ¥Łæ50V9më7êYéW	ﬁ6X	
º
9ﬁæ5I
éY0ç"@JAY(B
.KD
§
0¥ËëSYé0èPçﬂ>CèPê

1¶è¬é/;è04ZIç0ë0è¬éﬁèPê

çæM[¶êYè\0êYè<7ê¬èPç



0;è\;ﬁ¥ËèPê]>]7ç0ëê^	ﬁ6
Ì
9ﬁæ5Iõéﬂ0ç4_'`

_
`ba
O
î@JAY(cB
.ED

>Cë7çÈ3

6
ä

6ﬁdÈçe1Sæ;ﬁ%&Pç0èPê¬è!;è!9ﬁæ5Iê

0;è?æ5næ,ç0èPê

è6èPê

ç0è
0ê
¬
ê>CèPç0éTd
­ef±·
è

0ê
¬
ê>CèPç0éhg
­ef±·
è¬é

L-0Yé

è9mèPê

;è	ﬁ6
Ì
9ﬁæ5I

a

 ﬃ
666id!S

èPê7çT0êYè
©
ë

ë9/

çﬂ¶è10YéjçY3¶éèÉè

;Yæ,êYé$0êÇêYë9JSç0èJ9ëç

æ,ê

;èWSnæ,ê;è¬é$næé0éæ,ê

è¬éTèPçﬂ9mè
ﬂ
çæ4;è6çY3;ﬁ07ç0èJ¬è
ﬂ
èW7ê¬èPç



0;è76
´
æ,ç6æ511¶è0ç0é
»

I707ç<ç0è


I707ç<ç0è
°rÅÅÅ
æ


I707ç<ç0è
°rÅÅÅ
S

¬ëêYéﬂﬃ;ﬀPç0èJ1¥Ëèè

;ﬁ¥ 0êYè
©9½
ë

©



§
0Yèë0Yé
²
k`ﬃlbaCm)c5med2mfonbd2mghqpsrjied2mutvnﬁrqplkgMmVmwrmd2meonyxwzc3rGnY{rGmVxwzqtvzsz}|}po~Um {
Supernova 1997ap  at z = 0.83

Note:  –4 days (before) max observer frame = –2 days rest frame
“Nearby” Type Ia
5000 6000 7000 8000
Wavelength Redshifted to z = 0.83
 (Angstroms)
Fl
ux
 (i
n a
rbi
tra
ry 
un
its
)
SN 1990N
SN 1989B
SN 1993O
SN 1981B
SN 1994D
SN 1997ap
at  z = 0.83
Iron Peak Blends Ca II Si II & Co II Fe II & III
Rest-frame
Day –7
Day  –5
Day –4
Day  –2 –  2
Day  0
Day +2
*
Perlmutter, et al., Nature (1998)
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